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STATE BOARD OF AGRICULTURE 


Term Expires. 


L. WHITNEY WATKINS, Manchester........ Ist Monday January, 1926 
-Chairman of the Board. 
JASON WOODMAN, Paw Paw................1st Monday January, 1924 
*JOHN W. BEAUMONT, Detroit............. Ist Monday January, 1924 
CLARK L. BRODY, Lansing. . ........1st Monday January, 1924 
MRS. DORA STOCKMAN, ee ... 1st Monday January, 1926 
BMOre A WORLLE, Lansing. 5400.82 .6.555. Ist Monday January, 1928 
MELVILLE B. McPHERSON, Lowell......... Ist Monday January, 1928 
JAY R. McCOLL, Detroit.. ....1st Monday January, 1928 
DAVID FRIDAY, Besdent of the Cale Bee oS SS OA Ex-Officio 
THOMAS E. JOHNSON, Supt. of Public Instruction............ Ex-Officio 


*ADDISON M. BROWN, Secretary. 
HERMAN H. HALLADAY, Secretary. 
BENJAMIN F. DAVIS, Treasurer. 


*Resigned. 
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LIBRARY 
MEW YORE 
BOTANICAL 

GARDEN 


MICHIGAN AGRICULTURAL COLLEGE 


(Under Control of the State Board of Agriculture.) 


FACULTY AND OTHER OFFICERS. 


Davin Fripay, A. B., President. 

FRANK 8. Kepzig, D. Sc., Dean of Applied Science. 

Ropert 8. SHaw, B.S. A., Dean of Agriculture; Director of Experiment 
Station. . 

GrorGcE W. Bissett, M. E., Dean of Engineering. 

Frank W. CHAMBERLAIN, B.S8., D. V. M., Acting Dean of. Veterinary Sci- 
ence; Professor of Anatomy. 

*Mary KE. Sweeny, M.S., M. A., Dean of Home Economics. 

*Kupora H. Savaas, B. 8., Dean of Women. 

WiuuiaM J. Brat, Ph. D., D. Sc., D. Agr., Professor of Botany, Emeritus. 

Wiser O. Heprickx, M.S8., Ph. D., Professor of Economics. 

Herman K. Vepper, C. E., Professor of Civil Engineering. 

Wa trTeER B. Barrows, B. §8., Professor of Zoology and Physiology; Curator 
of the General Museum. 

Rurus H. Perrit, B. 8. in Agr., Professor of Entomology. 

*AppISON M. Brown, A. B., Secretary of the College. 

Herman H. Hatuapay, Secretary of the College. 

Eipa YAKELEY, Registrar. 

ARTHUR R. Sawyer, B.8., E. E., Professor of Electrical Engineering. 

Epwarp H. Rypmr, M. A., M. Pd., Professor of History, Director of Summer 
School. 

ArtTuur J. Cuark, A. B., Professor of Chemistry. 

CHARLES W. CuHapman, A. B., B. S., Professor of Physics. 

Warp GittnerR, D. V. M., M.S., Professor of Bacteriology and Hygiene. 

Wa trTer H. Frencu, M. Pd., M. 8., Professor of Agricultural Education; 
Director of Vocational Teacher Training. 

Ernst A. Bessry, Ph. D., Professor of Botany. 

Wituram W. Jounston, A. M., Professor of English Literature and Modern 
Languages. 

Louis C. Puant, Ph. B., M. 8., Professor of Mathematics. 

Merris M. McCoot, Ph. D., Professor of Soils. 

ALFRED K. CHITTENDEN, M. F., Professor of Forestry. 

Rosert K. Stewarp, B.8., C. E., Professor of Drawing and Design. 

age he Puitie G. Wricutson, M. 8., Professor of Military Science and 

actics. 
CuESTER L. Brewer, B. P. E., Director of Physical Training. 


CuarLes P. Haruican, B. S., Professor of Horticulture and Landscape 
Gardening. 
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JosEPH F. Cox, B.S. in Agr., Professor of Farm Crops. 

Harry H. Mussevman, B. S8., Professor of Farm Mechanics. 

CriypE Rryno.ps, M. D., Director of Health Service. 

Howarp M. Eniot, M. A., Professor of Farm Management. 

OuuiEe E. Resp, M. §., Professor of Dairy Husbandry. 

GerorcE A. Brown, B. S., Professor of Animal Husbandry. 

Henry B. Dirks, B.S8., M. E., Professor of Mechanical Engineering. 

Joun 8S. Taytor, Director of Music. 

Cart G. Carp, Director Guidance School. 

Cuack NEwMaN, Associate Professor of Drawing and Design. 

RIcHARD DEZEEUW, Ph. D., Associate Professor of Botany. 

Luioyp C. Emmons, M. A., Associate Professor of Mathematics. 

GrorGcE H. Coons, A. M., Ph. D., Associate Professor of Botany in Charge 
of Plant Pathology. 

Raupu C. Huston, Ph. D., Associate Professor of Chemistry. 

Joun P. Hutton, D. V. M., Associate Professor of Surgery. 

Exam T. Hatuman, D. V. M., Associate Professor of Animal Pathology. 

LAWRENCE N. Frexp, B. M. E., Associate Professor of Drawing and Design. 

Harry S. Reep, B. S., Associate Professor of Chemistry. 

E. Sytvester Kina, Associate Professor of Public Speaking. 

CHARLES E.. Miuuar, M.S., Associate Professor of Soils. 

WiuuiaM E. Laycock, A. B., Associate Professor of Physics. 

Merton M. Cory, B.S., E. E., Associate Professor of Electrical Engineering. 

CHARLES S. Dunrorp, M. A., Associate Professor of Economics. 

BENJAMIN B. RosxEsoom, B. 8., Associate Professor of Physiology. 

Bruce E. Harrsucu, A. B., Associate Professor of Chemistry. 

Ozias T. Goopwin, B. S., Associate Professor of Dairy Husbandry. 

*HLIZABETH J. Frazer, B. 8., Associate Professor of Home Economics 
Education. 

CuEsTER L. ALLEN, B. S., M. A., C. E., Associate Professor of Civil Engi- 
neering. 

ANNA E. Bayua, B. A., Associate Professor of Household Arts. 

ALLEN C. Concer, M. A., Associate Professor of Zoology. 

FREDERICK W. FaBiAn, B.8., Associate Professor of Bacteriology. 

Leroy S. Fouirz, M. E., Associate Professor of Electrical Engineering. 

*HELEN Goopricu, B. A., Associate Professor of Home Economics. 

Euizan L. Grover, B. S., Associate Professor of Agricultural Education; 
Critic Teacher in Agriculture. 

Roy E. Marsnatu, M. A., Associate Professor of Horticulture. 

ARNOLD G. ScHEELE, A. M., Associate Professor of Drawing and Design. 

Joun E. Burnett, B. 8., Associate Professor of Dairy Husbandry. 

Henry T. Daruinaton, M.8., Associate Professor of Botany. 

ERNEST C. ForEMAN, B.S. A., Associate Professor of Poultry Husbandry. 

Frank A. Spraaec, B.8., M.8., Associate Professor of Farm Crops. 

WINIFRED 8S. GertTemy, Associate Professor of Home Economics. 

Marion L. Tucker, B. §., Associate Professor of Home Economics. 

REBEKAH M. Gissons, B.S., M.S., Associate Professor of Home Economics. 

Guy G. Spreker, A. M., Associate Professor of Mathematics. 

STANLEY E. Crowe, B. A., Associate Professor of Mathematics. 

Joun T. Horner, M. A., Associate Professor of Economics. 

Henrik J. Starsetu, D. V. M., Associate Professor of Bacteriology. 

OrEN L. SNow, B.S., Associate Professor of Physics. 

Loua G. YerKEs, B. S., Associate Professor of Home Economics. 
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Tuomas Gunson, Assistant Professor of Horticulture and Superintendent of 
Grounds. 

CLAUDE M. Caps, B.5., C. E., Assistant Professor of Civil Engineering. 

Ren G. Saxton, C. E., Assistant Professor of Civil Engineering. 

Dwicut T. Ewina, Ph. D., Assistant Professor of Chemistry. 

Epwarp F. Woopcock, M. A., Ph. D., Assistant Professor of Botany. 

Water E. Revuuine, B. 8. in M. E., Assistant Professor of Mechanical 
Engineering. 

Howarp E. Jounson, D. V.8., Assistant Professor of Comparative Anatomy. 

Joun W. Stewarp, B. M. E., ‘Assistant Professor of Drawing and Design. 

CiivE R. MEGEE, B. S., M. S., Assistant Professor of Farm Crops. 

RussEtu A. RuNNELLS, D. V. M., Assistant Professor of Animal Pathology. 

Rosert E. Lorex, B. 8., Assistant Professor of Horticulture. 

Norma L. Rosesoom, A. B., Assistant Professor of English. 

Mary A. W. Henprick, A. B., Assistant Professor of History and Political 
Science. 

Eueenta I. McDantet, A. B., Assistant Professor of Entomology. 

Ourver A. Taytor, D. V. M., Assistant Professor of Anatomy. 

WarrEN W. Hitcucock, B.S., C. E., Assistant Professor of Civil Engineering. 

Burt K. Pup, C. E., Assistant Professor of Civil Engineering. 

+LoutsE I. Ctemens, B. 8., Assistant Professor of Home Economics. 

Henry L. Pustow, B. 8., Chem. E., Assistant Professor of Chemistry. 

*ARTHUR L. Brppins, B. 8., Assistant Professor of Farm Crops. 

Leo C. Huauess, A. M., Assistant Professor of English. 

Perry 8S. BrunpaGeE, B. 8., Assistant Professor of Chemistry. 

Ray B. Weaver, M. A., Assistant Professor of English. 

Omar M. LeseEt, Ph. B., Assistant Professor of English. 

I. Forest Huppueson, M.58., Assistant Professor of Bacteriology. 

OsEE Huaues, B. A., Assistant Professor of Home Economics. 

Epwin Morrison, M.5S., Assistant Professor of Physics. 

WALLACE L. CHANDLER, Ph. D., Assistant Professor of Entomology. 

Epmunp C. Sauve, B.8., Assistant Professor of Farm Mechanics. 

Epwarp K. Sauss, D. V. M., Assistant Professor of Surgery and Medicine. 

CapTatIn JosEPH J. TeTER, Assistant Professor of Military Science. 

Wiu1aM E. J. Epwarps, B.S. A., Assistant Professor of Animal Husbandry. 

*Puiutie L. Burrrick, M. F., Assistant Professor of Forestry. 

LAWRENCE C. WHEETING, M.S., Assistant Professor of Soils. 

CLAUDE L. Bratrtin, B. M. E., Assistant Professor of Drawing and Design. 

*Homer E. DENNISON, B. S., Assistant Professor of Dairy Production. 

Fioyp E. Focus, B. S. in Agr., Assistant Professor of Farm Mechanics. 

CaROLINE L. Hott, Assistant Professor of Drawing and Design. 

Wa.rer L. Mauiman, B. S., Assistant Professor of Bacteriology. 

*CarL E. NEWLANDER, B. S., Assistant Professor of Dairy Manufactures. 

Newton L. PartrinGs, Ph. D., Assistant Professor of Horticulture. 

May Person Kirsy, A. B., Assistant Professor of Home Economics; Assistant 
to the Dean. 

GopFrey L. A. Ruguus, M.S., Assistant Professor of Bacteriology. 

aca H. Stewart, B. S. in "M. E., Assistant Professor of Drawing and 

esign 

Groxce | C. Wricut, B.S. in M. E., Assistant Professor of Mechanical Engi- 
neering. 

FRANK E. Woop, Ph. D., Assistant Professor of Mathematics. 
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Branson A. WALPOLE, Assistant Professor of Education; Critic Teacher in 
Agriculture. 

CHARLES E. Cormany, M.S. in Agr., Assistant Professor of Farm Crops. 

PauL M. Harmer, Ph. D., Assistant Professor of Soils. 

CHARLES D. Bau, B. §., Assistant Professor of Chemistry. 

Avis L. SpraGus, B.S., Assistant Professor of Home Economics.. 

Dorotuy SHANK, B.8., Assistant Professor of Home Economics. 

VERNON G. GROVE, A. M., Assistant Professor of Mathematics. 

GEORGE W. Hosss, B. 8., Assistant Professor of Mechanical Engineering. 

JOSEPHINE R. Hart, B. 8., Assistant Professor of Home Economics Educa- 
tion; Critic Teacher in Home Economics. 

Emma P. Garrison, B. 8., Assistant Professor of Home Economics Educa- 
tion; Critic Teacher in Home Economics. 

ReEvuBEN T. Taytor, A. B., Assistant Professor of English. 

Puiuip J. BAKER, B. 8., Assistant Professor of Mechanical Engineering. 


INSTRUCTORS AND OTHERS. 


The names of instructors whose resignations took effect between June 
30th and September Ist, 1921, do not appear below. 


Dewey A. SHeey, M. A., Instructor in Meteorology. 

Bertua E. THompson, M. A., Instructor in Botany. 

_Lovis B. Mayng, A. B., Instructor in English. 

JosEPH W. Strack, M.S., Instructor in Zoology. 

STanarpD G. Breraauist, A. B., Instructor in Zoology. 

Harry C. Youne, M.5., Instructor in Botany. 

GrORGE J. PostHumus, Instructor in Pattern Shop. 

RussEvuL H. Ketry, B. 8., Instructor in Entomology. 

J. Ropert Duncan, Instructor in Farm Crops. 

Howarp D. Licutsopy, M. 8., Instructor in*Chemistry. 
Epwarp F. EvpripGs, B. 8., Instructor in Chemistry. 

7EpiTH Burwuer, Instructor in Drawing and Design. 

Justus E. Ristne, M. E., Instructor in Drawing and Design. - 
Wa rer L. Wart, Instructor in Machine Shop Practice. 

HELEN D. Grimes, Instructor in Physical Training. 

ALBERT H. Netson, A. M., Instructor in English. 

LyMAN L. Frimopia, B. 8., Instructor in Physical Training. 
Dantev L. SHAFER, Instructor in Farm Mechanics. 

Eruet Tart, B.S., Instructor in Home Economics. 

Oscar W. FarrBanks, B.§., Instructor in Drawing and Design. 
Davin T. MILuarp, Instructor in Pattern Making. 

*WILsoNn E. NEwLon, B.S., Instructor in Poultry Husbandry. 
Raymonp L. Baxter, BS: Instructor in Chemistry. 

JAMES DEVERS, Instructor in Physical Training. 

KuGENE EK. Down, B. S., Instructor in Farm Crops. .. - 

GrorGE A. Garratt, B.8., Instructor in Forestry. 

Louis G. Gentner, M.5., Instructor in Entomology. 

FLETCHER A. GOULD, B. 8., Instructor in Civil Engineering. 
JOHN-G. HEpPINSTALL, Instructor i in Physical Training. 

Rurus P. Hispparp, Ph. D., Instructor in Botany. whl Meek 
EpWAarRD E..: KINNEY, B.S:, ‘Instructor i in Electrical Engineering. . :. 2: = 
Haroup M. Kress, B. S., Instructor in Chemistry. ie ee eet 
JessIE M. MacCorwnack, Instructor in Physical Training. . 
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Cuirrorp N. Rix, Instructor in Mechanical Engineering. 

JAMES E. Ropertson, B. 8., Instructor in Mathematics. 

Wipur H. Tuiss, B. S8., Instructor in Physics. 

Bert SancstErR, Instructor in Mechanical Engineering. 

WiLFrrep C. Lewis, M. A., Instructor in Chemistry. 

STANLEY JOHNSTON, B. S., Instructor in Horticulture. 

GrEorRGE W. Putnam, Instructor in Farm Crops. 

ALBERT N. Barron, B. S., Instructor in Physical Training. 

GERTRUDE LOUDENBACK, Instructor in Physical Training. 

GrorGcE F. Davis, B.8., Instructor in Poultry Husbandry. 

*ARTHUR H. JoEL, B. 8., Instructor in Soils. 

ORVILLE B. Price, B. 8., A. M., Instructor in Soils. 

JuLE F. Netson, B. 8., Instructor in Home Economics. 

Irma H. Gross, B. S., Instructor in Home Economics. 

Rawpu C. Hurrer, M. A., Instructor in Mathematics. 

STanueEyY J. Datsy, A. B., Instructor in Mathematics. 

RaupH Hammonp, Instructor in Farm Mechanics. 

Rosert L. Tween, B. S., Instructor in Bacteriology. 

Lewis P. Watpo, M. A., Instructor in English. 

WILLARD H. BONNER, A. B., A. M., Instructor in English. 

MyrtLe Macutire, Instructor in Guidance School. 

GEORGE A. TROLLOPE, Instructor in Guidance School. 

' JAMES W. Ming, A. BS Instructor in English. 

Patricia MacDonatp, Instructor in Music. 

Linpa E. Lanpon, Librarian. 

Lory F. NEWELL, Operating Engineer. 

*BENJAMIN A. Faunce, Clerk to the President. 

Epwyn A. Bown, College Architect. 

ANDREW P. KRENTEL, Foreman of the Pattern Shop. 

JACOB SCHEPERS, Cashier. 

RawpH 8S. Hupson, B. 8., Farm Foreman. 

Maup A. Meecu, Chief Clerk to the Secretary. 

Epwarp C. CrRAwForp, Shop Engineer. 

Cora L. Fetpcamp, B. 8., Reference Librarian. 

Jacos A. E1rcHEer, Foreman of Foundry. 

ANNA L. FERLE, Assistant Registrar. 

JESSE J. HENDRYx, Nursery Foreman. 

Nancy L. Eastman, In Charge of College Residence. 

RoBpertT Mackie, Herdsman. 

NELLIE M. Campseu, Bookkeeper. 

*CLIFFORD W. McKrssin, M.S., M. F., Alumni Recorder. 

ASHLEY M. Brrrincs, B. 8., Director of Short Courses. 

SALLIE Katz, In Charge of Senior House. 

Nora Frevp, In Charge of Waterbury House. 

Frances Murpock, In Charge of College Cottage. 

WiLuarD N. Sweeney, Purchasing Agent. 

CAROLINE S. LEWERENZ, In Charge of Abbot Hall. 

Mrs. W. B. Ratierr, In Charge of Howard Terrace. 

RawupH M. Harrorp, College Photographer. 

ERNEST V. Harrman, B . A., Secretary Y. M. C. A., In Charge of rip oy- 
ment Bureau. 

Witu1aM Wise, Poultryman. 

Danieu A. SHa¥Fer, Laboratory Foreman. 
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*May E. Fouery, B. S., Assistant Alumni Recorder. 

Evmer B. Hint, B. 8., Superintendent of Official Testing. 

James B. HasseLMAN, A. B., Publicity Agent. 

Norman O. WEIL, B.8., College Field Agent. 

Earu A. Hariow, Storekeeper. 

MariE LAPRELLE, Matron College Hospital. 

MARGUERITE BARKER, Nurse, College Hospital. 

GEORGE A. GETMAN, Field Foreman. 

Marion L. GRETTENBERGER, B. 8., Assistant in Chemistry. 

Eton B. Hitt, B. 8., M.8., Assistant to the Dean of Agriculture and Di- 
rector of Experiment Station; Director of Short Courses. 

Earu L. HEMMENwaAy, A. B., Assistant in Economics. 

FLORENCE K. Mippauau, Ph. B., Assistant to the President. 

OrtTo FRIEDEMANN, B. S8., Graduate Assistant in Bacteriology. 

Wirrep D. Mitts, B. 8., Graduate Assistant in Botany. 

Husert M. Brown, A. B., B. 8., Graduate Assistant in Farm Crops. 

SouTHARD T. Fiynn, A. B., Graduate Assistant in Entomology. 


EXPERIMENT STATION. 
Advisory and Assistant Staff. 


ANDREW J. Patren, B. 8., Chemist. 

GrEOoRGE J. Bouyroucos, Ph. D., Research Professor of Soils. 

CHARLES S. Ropinson, Ph. D., Research Associate in Chemistry. 

ORRIN B. Winter, B. A., Research Associate in Chemistry. 

LEsLIE H. CooLepGs#, M. A., Research Associate in Bacteriology. 

I. Forrest Hupp.eson, M.8., Research Associate in Bacteriology. 

GerorGE M. GRANTHAM, B. S. (1% time, balance Extension), Research Asso- 
ciate in Soils. 

CHARLES H. Spurway, B.S. in Agr., Research Associate in Soils. 

Ray NE tson, B.8., Research Associate in Plant Pathology. 

WaLTER C. Dutton, B.8., Research Associate in Horticulture. 

Rosert M. Snyper, Ph. D., Research Assistant in Bacteriology. 

Joun E. Kotina, M.8., Research Assistant in Plant Pathology. 

STANLEY J. BROWNELL, B. 8., M. Agr., Research Assistant in Dairying. 

Frep T. RippEuu, B. 8., Research Assistant in Farm Management. 

CaRLYLE W. BENNETT, M.58., Research Assistant in Plant Pathology. 

H. R. Perricrovet, B. §8., Research Assistant in Farm Crops (Upper Pen- 
insula). 

JeTHRO QO. VEatTcH, A. B., Research Assistant in Soils. 

Howarp M. WeELts, B. 8., Research Assistant in Horticulture. 

JAMES Tyson, Research Assistant in Soils. 

Exroy J. Miuurer, M.8., Assistant in Chemistry. 

*Pmrcy O’Mnara, B.S8., Assistant in Chemistry. 

*WILLIAM J. Kurtz, B.S8., Assistant in Dairying. 

Duane Rarney, B.S. (1% time only, balance Extension), Assistant in Farm 
Crops. 

SetMAa BanpimeER, B. S., Assistant in Chemistry. 

FRANK 8S. Davenport, B. 8., Assistant in Bacteriology. 

Dave T. MusseEtman, B.%., Assistant in Farm Management. 

Guy E. Cutver, B.8., Assistant in Farm Management. 

Rosert E. Post, B. §., Assistant in Farm Management. 
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OrvILLE E. DuncKEL, B.8., Assistant in Farm Management. 

Howarp N. CuaPeEt, B. 8., Assistant in Farm Management. 

H. Donatp Hoorman, B. S8., Superintendent of Graham Horticultural Ex- 
periment Station. 

D. L. McMi11an, Superintendent of Upper Peninsula Experiment Station. 

Myra V. Bocug, Bulletin Clerk. 


*Resigned. 
tAbsent on leave. 


AGRICULTURAL EXPERIMENT STATION 
OF THE 
MICHIGAN AGRICULTURAL COLLEGE 


(Under the control of the State Board of Agriculture.) 


STATION COUNCIL. 


David Friday, A. B.. .. President, ex-officio’ 


Robert Sidey Shaw, BS OAR ee Coen Director 
Rufus Hiram Pettit, B.S. Agate 220 ei omolopist 
Andrew Jarvis Patten, Bi Ae to oe ewan 
Ernst Athearn: Bessey, Ph. Du. ose Botanist 
Ward (Gailiner, DS ViVi VS ce or ies as Bacteriologist 
Alfred Knight Chittenden, M.F........... Forester 


Merris Mickey McCool. Ph. D.......-..... 
Charles Parker Halligan, B.8............. 


Soil Physicist 
. Horticulturist 


George ArthurBrown)BoS2..2. 52.5283 
Harry Hayes Musselman, B.S........ 
Elam Tandy Hallman, D. V>M........... 
Joseph Frank Cox Bo S.cA ee 0085 


Ollie Ezekiel Reed, M.S.. 
Howard McKenny Eliot, M. A.. 


Ernest Clifford Foreman, B.S. may 53 
Elton Brainard Hill, B. Seon “ec ie 


.Animal Husbandman 


Farm Mechanics 


.Animal Pathologist 


Farm Crops 


....Dairy Husbandman 
... Farm Management 
.. Poultry Husbandman 
_. Assistant to Director 


Herman “Hl cahldaneevcr fs eri ae Secretary 


COOPERATIVE EXTENSION WORK IN AGRICULTURE 
AND HOME ECONOMICS 


ADMINISTRATIVE OFFICE. 


Robert James Baldwin, B.S.. 
Hale Tennant, B. S. 


.. Director of Extension Work 

_. Assistant Extension Director in 
charge of County Agents and 
Markets 

Karl. McDonel, 8) 8.000. wie eee Assistant to Director 
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EXTENSION SPECIALISTS 


James Blood Hasselman, A. B 


James Aaron Waldron, B. 8. 
Donald Williams, B.S 
G. W. Putnam, B.S 


naw ©. etter B.. O55 3-25 ...0. ee ee 
Meer Larne y OB. Oss cic a ats oo 
PIBMEM IG VIOOFE Es =. cca cs ee ls 


Russel M. Hain, B.§ 
Edwin Ewell 


Orsel Edwin Robey, B.S 


T. A. Farrand.. 

H. B. Killough, Mae 
L. F. Livingston, B.S8.. 

A. C. Baltzer, B. S.. 

Paul M. Harmer, Ph. Bion 

C. M. Ferguson, B.S 
Gifford Patch, B.S 
Merlard: ©: Cribbs... a... ..- 


mentee te. Campbell, Gc... ce ces oe 


Edna Viola Smith, B. § 


Wate Hopkins. D. 9. <25.)., ark. se be 
PEROT Esa) Si opis a tr eo ol ed we 


COUNTY 


Pawo Weston; B.S... 2 
Alfred Bentall. . 

Chris. Peter J ohnson, B.S 
Clyde O. T. Scheetz, B. Si: 
Leon L. Drake, B. S 
Lester Vance Benjamin, B.S 
Frank W. Bennett 


eelerdia « 6 »).s 


EK. L. Kunze, B.S 


Ppp dul hl xG | ECG ISH 2S ee ga gr aI 


T. R. Shane, B.S 
Don B. Jewell, Bes. 
Howard Victor Kittle, ‘B. ig? 
R. D. Bailey, B.S. . 

Karl Harold Miller, B. 8. 
Ralph W. Tenny, B.S 
D. C. Cavanaugh, B.S.. 
Sidney Samuel Smith, B. s. 


AD rr eee e Publicity 

. Dairying 

Sheep Husbandry 

Farm Crops 

.Farm Crops 

. Farm Crops 

. Potatoes and Vegetables 

Insect Pests 

Apiculture 

ie BERRY ap ute AY Drainage 

. . Horticulture 

Farm Management Demonstra- 
tor 

.. Land Clearing 

.. Dairying 

. soils 

Poultry Husbandry 

Assistant in Marketing 

aie Mantes Assistant in Marketing 

.State Leader, Home Economics 

Home Management 

. Nutrition 

. Household Arts 


AGRICULTURAL AGENTS. 


In Charge of County Agents 
Assistant State Leader 
County Agents 
Assistant State 
County Agents 
Assistant State 
County Agents 


of 


Leader of 


Leader of 


Chippewa 


_ Clinton 
..Crawford 


Eaton 
. Emmet 
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Charles Edwin Atwater, B.S...............Gladwin 
Carl Edwin Gunderson, B.S...............Gogebic 
John:-Walson<Suis “Baia. nos. ee ee ee Hillsdale 
eo. MM; \Geismert cig hek sl 4 eS one hten 
| See a Da io a a aL eI Aan oat Det OA ct Huron 
W:Mloyd Manby BS: 020. ..o sh ee On 
Rove, Wecker Wao tact eo Loken een Jackson 
Ralph Leslie Olds, B MO ers og Law nape ch, aia ee TE AO) 
Keats ie Vanna Wi ge pss hs A or Se 

PAS Qe niveimehitulbys semen lt own cay 2G. Maire mle ia Lapeer 
Victor Carlton Vaughan, B.S..............Leelanau 
Ralph @art SBS sera. anye, sateen enmae Lenawee 

1 ie¥e Meroe OTe 01: <i) aah aie RNR Ne gene wis reer TRS Livingston 
Rov tarry Cameron, B.S). oe. e se uoulee 
KonePanlBenmig, BIS. 2). same wrt a akh ees SOM 
Carlile WnOpe, Mois 66 ts. tioe yes oa ae eee Manistee 
Wai ia MMU ESL. srg peter ars a une Macomb 
hee Roy Walker. Bos... on). us oie ee ro etbe 
TEQUSL AN Grea aye) TPE) Oe) Gene Beats aeRO ARES cine enh Sea Montcalm 
Irving, Karshiman ys Ss. os isp ceed no eR ORMIMeS 
ira Renown VIGWIUPEly. <p vps otek aes ed Midland 
AU EL ONLI eich wa Meee. eee Seen Missaukee 
iMinircy dl St ACKSOI se ra tel trae ays ee eee ne Mecosta 
Dwacht* Clark Long. BeSioic. we... es oS iskegon 
CS iipralceivlomes hiaarnie yi ate! ee reset enlace Newaygo 
iheainevis\Pickiord, BY S.oNls Hort. on. 27oc0 Oceana 
William Edward McCarthy, B.S...........Ogemaw 
Charles Benjamin Cook, B Sgt See cake Oakland 
Arthur Clinton Lytle, B. Donte OIE RG 
Clinton Pomeroy ee Biss sacha oe Ottawa 
Cave Mc@rary Bo Sg aWgee ls oe Presque Isle 
Arthur Grant Bovay, B.S......'.......... Saginaw 
Johns Martin ABS eciele e 0) Lol ae Sanilac 
Carl May. Kidman, 3B Sisuns3 kon kn cis ae Pb Clae 
J. Vernon Sheap. . Pyle ile le eS Rissee 
Alem John Hutchins, Bee oe St. Joseph 
Alexander MacVittie, dB apiss) ices ieee waercte ar Tuscola 
Wesley Clare Eckard. . bie eh custanls Ap I ET 
Orestes Isaiah Gregg, Ejeke NV eayrine 
William Frederick Johnston, MBE Ge To hohe aege Wexford 
Harold Scott Osler, B. 8. Li...) Washtenaw 


HOME DEMONSTRATION AGENTS. 


Eouise He Campbell Soi a) se aioe State Home Demonstration 
Agent Leader : 

Aurelia Belle Potts, Ba s5 fe fs No eee Assistant State Leader 

Bernice Jennie Woodworth, B. aa de vai ae Allegan 

Helen Columbia Pratt, B. CaS A eRe . Chippewa 

Blanche Clark. . RG prea a ea MeN NRIOL Goi) rr5 gate ee) 

Eva Carrett, B. Seer Peet ao NT Ge Oakland 

Marion H. Rogers, iS mel acie ee MR Nee Wayne 


ylvaa Wix0m, Ro uy stcry a a+ piiet  MIRE Memes 
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MP RRG MITE Fs) Otic Soe res os . Ottawa 
Mumnel Dundas, BS e205 pons. 2 os se. SGladwin 
Nene D WulATHS. Ps Oo ioe oes ce kon be . .Gogebic 
BOYS’ AND GIRLS’ CLUB WORK. 
wens Wuraen ts Bin9 a Seed os 2 set State Club Leader 
Barbara Van Heulen, B.S.................Assistant State Club Leader 
Elda Iantha Robb, B.8...................Assistant State Club Leader 
Fenner NE tC Teswell- Buco ca oak ee Assistant State Club Leader 
mrne Gerald. Kettunen, B.S. 2.202. 0. 2 Assistant State Club Leader 
COUNTY CLUB LEADERS. 
Peso bere ve 02k tn gee nee a Ggge bie 
Birra bubeme Ws OOni yeh cr. ok Se fot). okicdhe As Branch 
Charles Ernest Ackley. i). 50. oe Calhoun 
Ann Rosale Banks........................Cheboygan 
(GIG Tac Gg & 1G | Re Peas eee et pact as Iron 
Marjorie E. Place. . OE ane eS o-’, Benawee 
Harold Canfield, B. RRA orgs rein Macomb 
Arthur Lawrence Sirame Ss. oeks a Saginaw 
Beryl Otto Hagerman, B.S................Washtenaw 
Lawrence W. Ross, B.S..............:....Wayne 


eee timoall Re Se 6 sree os 3 ets es Oakland 
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ACCOUNT OF THE 
MICHIGAN AGRICULTURAL COLLEGE 


FOR THE YEAR ENDING JUNE 30, 1922 


SECRETARY’S FINANCIAL REPORT 


yuly pl oSiOode- Cash On hand 43 cis lag tore che ok istaeaue. cba cut aheus Weer eea te $12,199 86 
July 1; 1921. “Cash’overdrawn Collece Treasurers. (52... «spleen nee oe eerarene nee $21,868 17 
June 30, 1922. To special appropriations receipts................. 468,287 07 
rom state. Ereasurers... .<'ccen soe $268,938 94 
Vocational teacher train- 
rit Yegh See a oe .$13,948 22 
Shops and " storehouse 
1/75 mill stam? eed... 24,990 72 
Experiment Station 1/5 
TH taxi Le 90,000 00 


Extension 1/5 mill tax. . 70,000 00 
Extension, Sec. 1, Act 


192 ect tee 70,000 00 
Brom (US: Treasureieeg. -\4/. tsar set 181,585 39 
Experiment Station... ..$30,000 00 
HXECNSION - 52... tas.0 5° = 151,585 39 
Other sources, including interdept. 
SIG $FANSLETS Fo esi ieie storey = acai oronere 17,762 74 
By: GisDurseme nts) sicte 2. cveretece es alenwias sw usdenncers eae cee ess shim iavetel ails sue siete 528,097 49 
Special appropriations............. 22,215 67 
Experiment Station............... 239,136 65 
HXCOMSIOW cei siees cr ouceeie etait 266,745 17 
Lo current account receipts... ain ees eer 885,847 60 


From State Treasurer, land grantint. 70,838 32 
State Treasurer 1/5 mill tax...(a) 815,009 28 


From U.S. Treasurer, Morrill Fund.. 50,000 00 
Institution and other sources including interdept. 317,472 45 

Byigeneral account, disbursements)...<-~ sci cies otal oteietastne tise oe or 1,237,058 30 

Cush on Wand soi sced kc bee Se ee bP Oe cee necro ane 5,375 94 
Cash overdrawn College Treasurer.............. 58,592 92 

$1,792,399 90 $1,792,399 90 
(a) “Lotal-milltac cern ere hoe oes chore oe Oe eo es eee eh eae $1,000,000 00 
Amount set aside Experiment 90,000 00 
Amount set aside Extension................ BONES AAA Legler oy 2 70,000 00 


Amount set aside Shops and Storehouse..................... 24,990 72 
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AGRICULTURAL COLLEGE ACCOUNTS. 21 
TABLE NO, 3.—William Smith Sayer Scholarship Fund. 
Year Balance 
ending | Income. Ne pneats Amount.| including 
June 30. 5 . principal. 
1910 $32 25 | A. MeVittie.......| $19 75 $512 50 
1911 37 50 Teac ick Sita atte hall ede Be ee, | 550 00 
SRG HSHers os 
1912 12-50 Ur D. Wright... || 25 00,| 512 50 
lola | 24.85 | RW. Wattle.....| 2800 | $12 35 
é . W. Waffle.....: : 
$500.00 received of F. F. Sayer, ad- || j915 | 24 85 J.D. Baker.......| 25 00 512 20 
ministrator of the estate of William 1916 95 00 | TORE Nase 25 00 512 20 
Smith Sayer, to establish scholar- FGA Aut sea saa ed 
mhig’in bacterolo 1917 25 00 | Elsa Scheuren..... 25 00 512 20 
P LLCS aan 1918 BS UO pee eee allan, thas 537 20 
1919 | 25 00 | {Eins ropphane, | 28 00 |} 512 20 
1920 25-00 | Esther Severance. .| 25-00 512 20 
1921 37 50 | Thelma Porter....| 25 00 524 70 
(|. 1922 25 00 | H. E. Segelin..... 25 00 524 70 
“UTED TEL AS ve ait en peers Ove ae SR RER NE | | eae n eeMd Ma ye 2 2: 27 Sel A eee ie ane SSLOALD se. oeptiaeee 
TABLE NO. 4.—Geo. E. Lawson Memorial Prize. 
Year Balance 
: Income ee - 
ending | Income. eee Amount.| including 
June 30. expended to. _.| principal. 
$500.00 received of John W. Beaumont as 325 ns ec Se ea aed is $28 cn $200 be 
in memory of Geo. E. Lawson, to 1919 25 00 | Stanley Powell....| 25 00 | ° 487 50 
offer annual cash prize for the best }| }999 | 25 00 | Fred h Henshaw..| 25 00 487 50 
essay in English produced by male 1921 25 00 | H. KE. Segelin......| 25 00 487 50 
student.............-..-..-.-55- | 1922 | 37 50 | C.R. Clausen..... 25 00 500 00 
“TNO TAE Ee Sea Satie telnet poise ert Petts el ie er STSOVOOM ee ren cache alee eon $150) 00) | Seek 
TABLE No. 5.—Geo. L. Allen Scholarship. 
Year Balance 
ending | Income. Gece Amount.) including 
June 30. principal. 
$1,000.00 received of Amanda A. Ran- | TOTO AS Ver ain le eesec pac eh rains con a Contd | eee a amare $1,036 38 
som to be used in assisting the poor 1920 SHO GO raseners catia chav etencte henlioteesaenenat ee 1,086 38 
and deserving young men in obtain- | 1921 TEODOR eee as Senate Seren orgs Wenatetenece Ne 1,161 38 
WP tHe eduCaAtiONe ac kgs sok e ene 1922 PASSAT (9) Bef nee ames ce Re ernment LS een aE 1,186 38 
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TABLE NO. 6.—Marilla Griswold Scholarship. 


Year Balance 
: Income . F 

ending | Income. Z Amount.} including 

June 30. expended to. principal. 
$2,000.00 received of Orion S. Cross, 
Executor of the estate of Marilla 

Griswold, the income of the same to 19ZOr NSTLOLOOR ne tcc ee Bee $13 83 | $2,096 17 

be used under the direction of the { 1921 TOS OOE| gatas Ne re ae eater a8 on] cnn eee 2,206 17 

State Board of Agriculture to help | 1922 110 00 |:Emma Culver..... 250 00 2,066 17 

needy students. Teference to be % ; ; : 
given to those from Allegan County. | 

4 Woy if: BAe Eh gts oak eC S Se a Breed Rati a att PSBONOO sees wos Sate, oleucte tare $263)-83 4)... eee 

TABLE NO. 7.—M. A. C. Scholarship. 
Year Balance 

ending | Income. ie Income A Amount.| including 

June 30. 2e : principal. 
$4,000.00 derived from daily balances 
of the M. A. C. trust funds and ex- 
change ‘charges collected at office. 

Income to be given that man and : 

that woman respectively who shall 

have shown best scholastic records...| 1922 |$140 00 |..................]........ $4,140 00 


Pobal sso. Ws aeaee ae ote Mee ee tae $140 00 
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TABLE NO. 8.—Current Account July 1, 1921, to June 30, 1922. 


: Dr. 
On account of— To disburse- 
ments. 

U. S. Treasurer, 32d annual payment under Act of Congress of 

SEL EZ ULES IMLS OO eerie rene Camera nue E Ke a ciate avije adie go elec Mey ate oslo immer eae eeaha nae or ode palate 
Siaieerreasrer, OHC-HiLMmOMETUNG: oo so cas ce ts coms ain coo herein seerecstenc lel oes acne ete 
State Treasurer, interest on proceeds of sale of U.S. land grant..]................ 
Agricultural TEE Hung aie iets 0 Sin a a Ma aR REND $916 83 
AMERE]) DIED cht aa 6) cp idec) RONDO eee mp eeaC CUO OIE DRC eae ee EES 12,395 11 
ASAD TENDS OF AVG hea gee age CGC Ct 0 OCICS oR aC ean ne nae eA eta 27,934 76 
GL CHIOLOLAV ET erin crater eke aee re hi cin a tie ere ced vues ble a4) be miiehene 21,057 43 
LED HENTNY «2 Strencnogoud-D BLO oO IOID BYOI ELL © lar Ckc ITER ONO ean aa ear nts 28,072 04 
LC) PETTERS LITA 55/5 Exe Seen ERD BIE EO eC ERON OEIC NCTC aE me a oa ae eae 58,756 86 
Civil Engineering. [E00 6.604 620 DIGIC CSIC IR DE ieee en rE aeee ae 25,596 44 
bn Ss Sic eS ae ue ee 65,933 60 
Pinay Peel OSI P Tae cfeusva es eeteley chs sje dj cisise'y aise viele lc plagia a aimiotn 32,996 36 
VCORE EMER estren ict rcmaye iste aicrapacy aicia eyicisl wicre Fa 6 Slo wk dave undchonedveus 13,950 O1 
LBTGC By ovenhateres aT eee te ne ee 16,713 50 
JBIDEAD Oleg 5b. 05 GOCE uC @ GREG CTC ORO DIRE ED EDGER ERR aCe Tea 32,840 81 
BAHOMMOLO RV permet aleteye aye Gcraeneba tects Pas ane ee wana oh te Meme 15,998 82 
Farm Crops....... 18,922 63 
Farm and Horses : 39,207 30 
JTEARETL LEO CEM ENTE Ge sy etic elcinsh. fc louncaanect RCI Oe ae a ae 15,584 7€@ 
Farm Management 4,511 60 
LITRES UTE 5 ono odo bagi etOlets RES PRAT DIEKCRO IOS SE Che OR Ian Rene Ree a ee 16,351 33 
LETITIA mol 5 bo Gee cecHUOTON SPONSES LR Opt RE ea 7,980 10 
EVO CULE em te eM recused Paha San cpa) ctoie cise dtve Save oi Geld se esaile chan 18,905 81 
EGS TIT EMEC EE OIE CAE rataepey ain craeo ek Rent aeeere Nee: iol c/s Sis, ces, 4 oa ouare seca) os oes 46 ,426 33 
[Ot CTI So Hed 26S BBS Di bl Bee, TOICROIE RCO eee nee SZ od 
Mathematics. . Se RT TS ol ee Ac atals se ctmbeN 27,338 20 
Mechanical Engineering. 5 ena ee HO A ESR Ee ae eee Te 37,880 69 
VISE ONO LOR Veyemietrers arevayietasanercasebe ciel cute! stele cise acc wh a,ce\S 3 alesis Sway 600 50 
MGI aye SELCUIGE Eaters oat irre aM peters sicie Guere) eis sey Sas td ahel usu levees 5,869 48 
INTO AS s BSgttos > aig. c HIN Bio dete o aene ne OOO Ete eae te ae ae 8,072 52 
IEDR OO NEAT as eeoeidto.c ch bio Ears -a-0)02 a enon nC es 4,837 21 
ATV Seca Meme Ptcrevatey a apey] otey shea sany sagt terete eisienaye.s: Siu Grehale = suieusrashe a, bale 22,555 87 
AEN SiGe eA TCULTA ye tere eee anon pele cy ctesainys, Sasle oa or ys ss eardlessraieceaths 29,433 95 
EU E IS ane eee heleysuser aul conse ene een tact eal ons pee else sa) shapai'e ani dy Suen a's 14,187 83 
SHE cued G0 G6 6 RRS Ran oecieach CAC 5 oe Oe ee ne ae 11,289 43 
FOCI ae OUTS CS bynes rieioter ate ars oean isan PeR Saeko ie ac) Coelevie sajraye: oe a cerare laine 11,409 28 
SiWRESHy Pinel Clit. + eomie y Benoa aio OtOts RI ee Ae PIen SS eaenen Re ene 11,171 26 
SOLES eee eR Meco once ged ya aA ere okies iase Guid el sieve: Riveitoy essences 19,021 36 
At IEtSClODGC ner pera py einen SUN Ver cas fis ani Savsrciagee adie ee 5,985 39 
PNT eChAse rang NCUA OL MANOS aie ot nas a ctets aha ca cales eaten ' 1,773 78 
2 NOI STISTITO YEP Sst rene Gas co diet ob Pee EIST See DUR ne RRM ec 7,580 17 
PMN NI RCE COLG OL aa Bucs eget teen) uals rors 6 Se voks hss bel aban did ate ehapaneians 4,342 84 
KO LATIN TS Poe A pet cotta or Remeron See ao lie eudasibee nae 17,613 82 
WEGHIMMENCEMENMT META Sea Leo aita ite ars a alee e ehulame stone e archon 655 45 
SONNIIVAIG ALLOT SP Ray Repeat ee secansPacie teeter aushe seeal-n src e) oso dre ante enceiweyrervesvahiawe 578 29 
WeAIOneAPTICUILUTGH ate Mera meter ron cre. telake abe coe cic biel otee ves secotutel dhe 4,791 81 
LOXSRAY Cove LO az a Ce 2) OV 2 se ya co 7,685 12 
AG AIIp Ole OPIIINETI SCHOOL citer icc the a, sracs chore graiecehel sacs, eedsneseaes me 14,551 33 
DANAE LMRUV LOINC LU ren er teatbeey iene rond laches ate sy ucrerte, sl suede oe sseiedal eg gral esta’ ate 22,500 89 
}D NTO) KG OGVENE | a tanec Oe G OIG ARLal CREPES ee ORS ee ee eee eee ea 696 47 
PE NCCHUC IRIE See Te rien cst iok ints ol choke. dude adele, dowidenaneestehiver ys 12,158 70 
1 Ep. OY) oN S310) Hel 8C0}2 4 0 lady (C2) 00] 0) =) ee Pe 1,079 28 
OUEST HES UIC EMS here tamsr tapes teiles tole sber eu doc, bya crave eS -aeue ae rejs) ategeiclobescod 11,888 12 
GRC TE INGEAITON CAGLAR OM fen yey tole cscdercrc se onc suacs!¥! a/abele. cueye conversion devotes 6,068 28 
(SURE LOG (UI CAEN SOS geettog me cid oly SOD ee Ie Dion Re DD Ois aa cee 171 28 
EU Tell pewter ee ee lateness e Laas, Shiite bi San, see ale SUT TENA ol fama 14,919 41 
GEie TABOO RUIIES miata tre evar eecbelekal fh sheue shader al spa site obatatradsyia teal aravichs 00 
ELC Eee PREM enn We Nhe eee, tay oA Sih yuu as Wilson ovemetemetote tay omcieeansies 65,569 68 
Sains ial Comme Tee Nien cutee icc hs apo -ahace, apmvatietencmeleyere woraieeie 11,986 52 
Maintenance and Repair of Buildings......................... 69,081 88 
WieniItenancerofe Grounds, |c0 5 aes eials ainc s.s cave susie e dal eresehausie aa dels 9,347 82 
Wewr Bildines and AGGItiIONS:|.\.. ccc 204 sine dee cidelecie vic oe wale 101,627 88 
OIC RVO Pe CESTC ELEC Meat fseia sa. sles lea eis, oy ay otatay yereeMemeuorenen ei nie seie ts Means 14,308 96 
DTIC OTOMSECTEL AMV terres oho ike oda tee aad ree Maa sebineia centers an WAbeaa ys 28,111 78 


Tea Bi) (SEEN DL coe Oe nid ie Bie re Oe A Smee 9,148 
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TABLE NO. 8.—Current Account July 1, 1921, to June 30, 1922—Concluded. 


Dr. Cr. 
On account of— To disburse- By 
; ments. receipts. 

A Mal la] 0) 80) OY 2S ena eMAL Tt iis Bley RS ert tent ta Cams H chee bie arise Cha ha ot Si fe $2,629 76 $311 35 
EOL CS rere OF ite Suice necks COAT R NE eal ee ne Ate orig Cental ReDiauts alata ete tae Mea ee 49,908 97 20,309 12 
A WE ys bab ste Se ieee nag OY aon Uae RN RRM Me te ThA AON Viale 3,619 21 902 02 
TWEISCOLATICOUS = oye Meee ed oe oe ite nes ce lies aed eye nee tere ee eT oe 729 O7 1,446 77 
PICO G alin cat oer SOEUR cE Mgoee eek che, sar sloettanes chiara) anata tae aE SER ayes here $1,237,058 30 $1,253,320 05 
Balance perinningestiscaleveary, duly. L,)MO2M a. caves mces cei ini <hell siisse ate eimensve iene ene 20,013 64 
HalanceronshangdustmergOs O22 -. w.leecte ciety axe) bere ne eee epee 28), 682 7 Oh |sonces 2 Oe ee ee 
Tie Ol ner eat ds ona Atos eared baie mB eo” Sob ben bine rAa gr oY $1,265,741 00 $1,273,333 69 


(a) Supplies, $4,536.64; sundry, $2,059.37; incidental, $66,674.00; room rent, $30,923.99; tuition, 
$4,436.50; rental, $908.00; matriculation, $3,285.00; labor, $9,107.71; delinquent, $70.00. 


TABLE NO. 8.—Dis!ribution of Special Appropriations. 


Dr. Cr. 
To disburse- By 
ments. Receipts. 

INHTSELY “LICENSE ANG ITS PeEChLOM poised seetn)-tlek=t peste speek ate een arte $3 00 $3 00 
SWE ATHETASERVACE te ue telcnele tei tae tiestoe te aera cat LORCA Wena Ries weir Cea tuGn et ewe 213! G8 +j)\een ones. eae 
SS VOD UIT os Laat Venegas teteier CEE cata ivens #1 SEUSS ey Ae hea tem AEE 25 00 25 00 
GEE Mawson Memorial sim Gee oye ie tans ai orc chcren eect bee Ree ee set) 25 00 37 50 
Geol Allen Scholarships, eek, cin Weataeecaveasceec eit Saloe reba OPN eto oee ec ell Geen smn aea ee ee aes 25 00 
Marilia GriswOldsscholarshipincss tte mee eiea eet nee eee ee 250 00 110 00 
IME SAS™ CA SEM O LAPSE Pe: po ia ccpete ted oh ocr earls eee ete es en ee cnn 3,817 89 4,140 00 
Vocational meacher gh ralii ne serv sees chon etic cipher eke Se Aa Cnet 16,921 77 13,951 62 
SHOPS ANA Stonehouse! sien cescicts seat es yet sic eeaateraneicestar sueeray yews) ce Mp etal escene 389 57 25,416 87 
New library Bulan pots! eres is seeped wee enone re eee ae eee 69250 Tl ccc. as eee 
Home FH conomics -B Wild ime sy iy aporer so Chat ills fens oPaah) akan ave eiioeee wets ole te SOO 265) canis ea aie 
Motels eee oi SARS es i A Ser ct  e SSE LCR RH ah SIPs ec Ny in ey ce $22,215 67 $43,708 99 
Balance: OVerdrave uly ali, LODLy se pols alavciess une, siapaellkelecieeg evene renee eeaene 28) 902032 |e core oy uel eye ene 
Balance OVerarawi ULy tie EO2 2 hae gle fc ka cane arabe tence noone teuck cHPler Teter etalky ee todos RAR Wm eure 7,409 00 
OCB oo eshte ee ret erect entity aoaneiad pe en tte roe ie Meera crea Ree $51,117 99 $51,117 99 
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TABLE NO. 9.—Experiment Station Account for Fiscal Year Ending June 30, 1922. 
Disbursements. Dr. total 
disburse- Cr 
eae receipts. 
Adams. Hatch. State. ment 
PeMea mia COR MAT LEH EL pM YALU edt tes hazk nr ctcvey tei: «ac|' y's sed a dah cephl st cralliaterseaney Atetors loro lc, ciate Shire ee oraecha re to 
(OOD TENS LITE SHOT CEES WI) Se ue teach | ee th eae eR MAR er WR Le Aga He TS $30,000 00 
State Treasurer, one-fifth mill 
_ LHI GAS sand ree NE behets Gta | (SUEUR OH neo age UR AR A CMD Se or eR am al MUST ll ea | 90,000 00 
IOES STN UAB He a STE a Le le ee ah as Rh (a Se (a $263 91 S263 OT Moet apne 
MN OCCA eRe CONS SOULS crac heh eie Vetadate) su svosel|dusyeheewiece Sota all epee eee OU LI i Me a 40 00 
PRINIEIAICEUL SIO MILO TY: 0/205 sine cauicaif cyeqore sees oy = $345 00 2,240 28 2,585 28 1,654 69 
ISSCC ERIOLORY =..): fo eas dc eee $445 80 157 29 7,962 64 8,565 73 231 02 
ISNT OBTVGS SUNS) Behe eee ae itertn ye Sees [eh aap ean a 1430 it 3,510) Lo SAAS Z Gall, eisgs tae ase 
CHASTE DUSHIEANT A yayop Bees oe bt ASD REE CH thot SEDATE en (eae a ae 2,165 69 2,165 69 90 00 
Dairy Sey Rater hae aoe [testis cya ole a oeueiteratens Galion g 38 97 38 97 180 22 
{OUTS EDG TYSON a BY CEST Se Sah ea Ue 13762> 07 13,762 17 171 50 
PINES TLIO Oar te neo mtr eames ch ne ee Ah CON 1,358 95 1,358 95 21 00 
EET COOP seers ne se ie tee | song's) Slee hv olay 1,165 69 10,821 62 11,987 31 2,317 59 
IDG NS TT a ie abe eee ere athe oe Coo LR DNL RE OLD ORR ga 415 41 AV BAVA leoiia eta etsy onne 
Farm Management. LPeMe ese ettiae| | eC Ey Salty Toda fool (oust rca. coe hat| sete 3,597 76 iO Un L Gayl sr eo eatersye aeons 
LOGABIEL JY VGRE EYE O TESS Ta eS SN ele a a a (Ate a a a 1,334 64 yds eo Gari o cierto ae 
BLOT LGU fo cn iaptag Gio cue ci | SS RN ae aC (Oe Tee nee 4,799 18 ZETIA le 8 Gea A ane 
LDUILD IRE. Avra sh tea pcre OR eh cas? | NA of a a 406 68 AQGGSuiii cc csheece 
DA AMIESA wee et eae co coe: 14,554 20 12,947) "75" | LOSS 4y Oia lis2 SOU ODay tae 
SLD LS) Sen cer eines Ree USS ee | Ne te 241 16 12,115 15 12,356 31 5 61 
Gina ane Oty SUR TLOU ae se teat tse net cnero'llsueuaeclsrsislae ares 8,951 20 8,951 20 1,032 31 
SOMME AV els tablOler ere wae) | Smet osin Ae gec ll accel accede 4,867 74 4,867 74 731 91 
Liepisens Venninienene ments ne ee lee rein late tr lon hee biter 25,144 54 25,144 54 4,693 54 
ISM ELTT SS) ENOTES BOs Pe a snl A ei ere a | (aaa AON Ent edi Ain We a meen oh anal iw NCA Dues 
TOY ih) bea i eee a ee en $15,000 00 | $15,000 00 |$209,136 65 |$239,136 65 | $131,169 39 
TABLE NO. 10.—Extension Account for Fiscal Year Ending June 30, 1922. 
Pree Tees } 
Disbursements. ai ueeee 
isburse- 
Cr. by 
mentee receipts. 
Lever. Lever State. - State. project. 
SVE NRG, AOU Thy TCP bs Set res Bie Iie | cra eee ilar hal Le mm | IRR eae et STIG. 6S a pee wear eee, 
UR Smnen SUE ne Ver Pn Gisn jure a tiated ee AsV He Sil) Oe EE i Seared are eS $151,585 39 
SLLOMRLC SUELO OO) SOOM a | tare nucy i ies S ctl eye DIRT eae Hl OG TOR eee ae aN He NON tera naee 70,000 00 
State Treasurer, one-fifth mill : 
BAVC GLP HLIT CTS PELE Ars Teme eee de rel | cr laceraohe al Ons dbo) all owaneateuataecs bovcval | tabs tohabelesionsee eal 70,000 00 
Administration. . $3,462 50 | $12,196 64 $2,153 96 | $17,813 10 208 06 
Boys and Girls Club. 23,209 16 397 13 10,565 89 34,172 18 517 63 
Control Insect Pests.......... 785 75 2,903 28 1,613 85 DGZSOZ SS ie: seen Le 
Seed IAP CHUS yt kee Ree OR BARE CS 196 20 3,901 84 88,875 82 30 00 
PRS os Bila SMA a RE ORT | OVS ee ee (RRs PAR bein! eatin eke Gira AMER OVE vil LAT FAP Oe 
Harm Crops. oes ss flee eee ee 4,380 48 4,600 40 5,100 24 14,081 12 07 
Farm Management. 650 00 2,075 41 1,841 39 4,566 80 386 10 
Home Demonstration n Agents.. 11,704 50 53 63 2,488 42 14,246 55 23 30 
Home Economics. . 11,811 95 111 03 5,169 45 17,092 43 115 65 
HLONvICUIGUNe se. > se a 800 00 2,462 76 1,748 19 5,010 95 87 
Household Engineering....... 800 00 2,466 99 1,243 08 ASTOW OG Mitte cee eee 
DPAUVEE STOCKS Lanhe Fn shes oe 2,638 10 7,686 90 4,304 33 14,629 33 489 75 
Markets. 2,800 00 7,106.50 7,597 36 18,153 91 20 00 
Muck Crop Sia nGe ine Fiat neon dak A) 91s LR aR aah eee Net Saad a RMON oh Pili Pa onl Cale 
Potatoes aid Vegetables... .. 7 eee Ae 2,563 04 1,436 97 ba Yeay Fite Ad Dh atte eae 
OULD yeaheah eae ite ee 625 00 1,957 89 1,779 47 4,362 36 31 70 
Pithiien tions WH AE Dabs Soret Tyg ia (ists ys xed ol toate 36 57 4,401 27 A AST NSA: | eae. Ok 
OTIS eee te ein tuiewe the AS 668 75 1,926 84 1,362 84 3,958 43 17 
band Clearing Ae. ee 900 00 2,442 32 4,087 64 1,429 96 Ny On eee ae 
EC HDC aera May oy ter ng tage Ta oy soos, )a cs ake [tare nstop te dey ele. 4 2,530 O1 2), 530):01) 2 |e eee 
Balaneson hand sunE SO TO22 yee Aces) SP een Asie. alle natoadetes mai ebeils 255; 883. 89). 2 ee ees 
COLETTI Lactose ne Ae Nee $151,585 39 | $51,833 58 | $63,326 20 |$293,408 69 | $293,408 69 
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TABLE NO. 11.—Positions and salaries as shown by pay-roll dated June 30, 1922. 


Classification. 
Rate per 5 : 
year. a Extension. 
xperiment 
| Current. rata 
ADMINISTRATION AND MISCELLANEOUS. 
President’s Office: 
IETESIGeU Ure ee eerie eae $12,000! (00>) $12,000 00 |) cies eel cee 
Assistant to President................... 3,000 00 3,000 (O0) Fo... cians ska Gi ee ee 
WlerkstO PIeSIGEN tcc torts clas erat eons a ee 1,700 00 1 ZOO 00 0-05. wax. cette | een ee 
Secretary’s Office: 
SECLELATY £ Se ooynerae es ree te been rene r me ate Mer 6,000 00 5,500 00 $500.00) | SAGaoe see 
Cashier and Assistant Secretary.......... 3,600 00 3,100 00 SOO! OO ix craic ude 
IB DOKKCED ERs eines. nse EE eae rae eae 1,700 00 1,300 00 400.00") (23 eae 
@ireriClerks Fors conse cuits aeaeaee a Ne eee eS 2,600 00 850200 settee 1,750 00 
CLeTIe er Bee em as in Sot cea Wee Sa Te 1,700 00 15, 7200!/00.5|5 ee eee eet eee Serpe 
GIGLI ea Be a Us mak AN A eee Sete 1,400 00 1,400 :00: |. Seen eee 
GBlerks Sa Heo eae eh os eigen toh en ee 1,400 00 1400 00 enti od Soe ee ee 
Wlerksne A270 mi eee: Bes & ok eoeee ee 1,400 00 1,400:'00 |. oS ee Gee 4 
Purchasing -Agentere .5- ct aon ee ae 2,800 00 23800 (00) 2 oat Nec a eel ios ce 
Registrar’s Office: 

CRISEEAT SC ccs cparocee ec ckeen  erabrT eee 3,000 00 3; O00 {OO Wise. Ccat Setevalicws a eee 
PASBISTAM Ge oieue ae cate ats sheep mee ers oe iets 2,000 00 2, OOO OO Ws sen Ness, Mepcteseil entree eee 
(CLG d CERT I Pep oRrE EE Soe min ies emo LAR SAN 2 1,300 00 1, S003 00 5) eee cell es ee ee 

Library: 
SU TALIA 1,5 chess ate cjieid «akaVasoie eee Mea AERC: 2,800 00 2,400 00 400100:||22e.... Sees 
SASSISGAING 5205 teoce7e)00h «shard oases ale nS eho ee eae ees 1,800 00 1 SOO R00 je oie oe) seo eo nll lore oe 
DAISSISTATIE Soil cck tc on aoe A eee ete 1,400 00 1 400: 00: |.) ess el eee eee 
Referencesibrarian..-.:.1,.crenerer ee 2,000 00 2*000):00' 2 cn. d Pas ea ee eee 
Advertising: ; 
AONE BAL dist: ho eae cacssieet cae een te 3,000 00 3.000 (00>). . on 32 Re eee eee 
Agent; Publicity. +5. iaen one ae ee 3,200 00 1FO00KO0 Pees 2,200 00 
Miscellaneous: 
NP INeer,. 36/5 Kjaia ec acsars rere eta hen STE 2,800 00 2,800 (00. |). dae een eee 
INIsht Watchman ytianect seh tec aeioere 1,300 00 14300200). 3< Sec ee le oe ee 
ATCHOIPECE: Be: ace erry een tielnttne der nee 3,500 00 3; D00)\00. 12. Sete oe oer aera 
Hmployment Bureal 0). ~f sheer eee 500 00 500 LOO Ms he ees Foes ee eee eee 
Health Service: 
Medical iO micent : a).0. 32 seen ele ee 3,500 00 3) DOO" OOM tec jsietany, cl 270) Senay es ee 
DECTOLALY strean chet eos ite Weert ee eee 1,600 00 iL GOOROOE | ras eo Soe nes) tele eee eee 
UNTIESE 5051 | 3) PRMD coche tier ctaetoiete es eueatats 1,600 00 160000) | ioc od eats le ee eee 
IVER ETORIE. terete eke ene Leena ee sel haven ae eee 1,300 00 1, 300. OO i ray). he, Pee oes eas oes 
Meteorology: 
PNSEDUCTORS ca acciecrs ee eoee Bt nee Oe 600 00 600:'00) |. okicceas Sees leaps 
Stores: 
Storekeeper ace aetse Me aso h eee ble wes eee 1,800 00 1 800°00) |i 2.2 :s gees Bae pee 
Clerk 32. Bae RO Lele Pa a oe 1,200 00 15:200)'00 "| 2. a. serail Gee oe 
Division of Home Economics: 
MCAT Sica traits: tesa Sete che RD aie Sees 5,500 00 A:- 0005. 00)),|) oii: Sep Vv. 1,500 00 
Assistant. .to;Dean: 22.2. 2h ewe ae anh) eee 3,000 00 3,000) 00\.) i035 (6.346. anlaee ee 
Associate Professor..........0..........:: 2,800 00 25800) OO) [i 05 ch oe ee a ee 
Associate Professor... . 055 Ss tea eke 2,800 00 23> 800! OO} Wikco tee es lee 
Associate Professor... >. . {ig .G. base ee 3,175 00 8,175 OO). |)... 8 iia ered | Sates ea ere eee 
Associate Professor......... 2... 0..-0.000- 2,800 00 2800) 00) \ eas oss Se See eee 
Associate PTOLEsSSOT | 4). 5.4 oes Low eee 3,000 00 3000) 00.0. Le. 2a ke Blea ae eee 
PASROCIALeUETOLESSOR ale ees 2 ses eee Slee 3,200 00 31200200 io ee Oe Oa a hee eee 
ASSISTANT, PROLESSOD nc, coos clot eis eins ce hee 3,250 00 3, 250 OO! Woe cih thee toe a imeetaudros pear L, 
Assistant: Provessor.. = 0.0m). Wied tel. ade dan 2,400 00 2, AOO MOO yo avied chet eoeee eed loners cee ee 
Assistant Professor................. 3,000 00 3 OOO OOM. ee salle By ee 
Assistant Professor... . 2,600 00 Li GOO OO ain vances ance V. 1,000 00 
PNSEMUCTOR Rt seats sien ee Ube MORES oR eh ede 1,800 00 1 (800) OO. ee Pers Saal, ae a 
PNSELMCEOLDs cete rasialen tine Eee kita ofhls: = eels 1,800 00 1800" OO! Winco ees On eee eee 
CO) 12) of Sete 5 Rp Sem ek i et I 1,500 00 1500) OO ale) oe ccety 2is.<i| See ane ens 
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TABLE NO. 11—Continued. 
Classification. 
Rate per |—— - F 
year. d Extension. 
x xperiment 
Current. pation 
Dean of Women: 
IDET SR ERIS Se nt ee $3'5600!:00)) |P DSS'<6 OOOO ese cea ee eater cestan aves cites 
VIROL eT eat See rN a ESE a 15002005 bis SOOR OOM Rest cessation 
INEST Ae, chan sO EEL ELAR SOLORLI 2 ken Cut Beret ee 1, 000005 |b OOOROOT eae ee esler ed fee seers ee 
VEG DROIT MRS AalePel tic cie rer acaie Paiecaiiian eK eyalaiatens 1. 000/00 )|h DF 1 OOOKOON aracre ier teerrall hen aed tres doe 
NW UedtMOntbne ts ops evovinenars aise believe efobn ave a havens wastes 850 00 | b SOOHNOO meade ocate cate es rhea cre cess 
DURA TESI ere eerste hs) ch, ciel =) bere Ree CRESS Ges sone 850 00 | b SSOROOM esse tis ore lhe ah ee eeelicuey eae = 
IWiELEOVOTAS SoA: Ota. RARER BIS A CREE ET Bee eae 850! 00) bY “285 0RO0 Ri ees cine a.ctene | tepeeentracinys Gye 
Farm Management: 
Professor. . Rene We AE yn a ite enh dcee dy of hes 4,250 00 2,125 00 G2) ZO OOM IR stusuceneie oes 
Research Assistant...................... 2 SOO MOON eect eee 2 SOO KOON | os ste ohetoe 
Assistant . x IS TIERS 0 Uke CS oe RR Ae GOO OO WNivkepe eects. Te GOO OOF | Wirvacmeetsucucoun 4 
Assistant.......... eB i ALAR ET AM Pict Siersys 5 1 S00) 00) |S areeore 1 SOO JOO RNA cceenarerccd vat 
PASRINT IDR espe ee ae Cre EMS CREED ae eee g | SOO MOO ein cka reacts ES S00. OG) there haces act he te 
JASRIISUEIOU GS aces, CoG. (on 5 Bae ERE Reo Cae Cet eae 1,800 OO ei ses vouieesehene ee ES SOON 00 We we encspescenees 
PANSRISUIIURYS Eran eee nor ore CRRA CHAE EIR var. us als 1s SOONOOM | An caset see nee fe SOOMOOw hers aca acres 
(Ciera, Shei ieee Oo ase A ne ee 1 20000" 2c ae Th 2OOSOO | revaai nto ote 
SHVGOLOFETENOLaYe) th ccs a cn Seo een ch eae eee ne a 1,200 00 GOOLOOMBE eee scien 600 00 
Division OF ENGINEERING. 
Dean’s Office: 
DERI IS Ay GSA calico Ren O RIGOR TIE Goce cae eae eae 5 500400" ||) iar OOOMOOM irate. eeeacdteaea mcr sk eeaeeneicnne 
SE@TEL ATs ier scaverataictena shoes eheves ceehalaends cus o'e 1,500 00 TOO OO haced hae siren a wcrc e 
Department of Drawing and Design: 
Professor. . A Sian Bas 5,000 00 5 OOOPOOME RS kite nected wera ye Gece pecan: 
Associate Professor...................... 3,200 00 5 200. OO cyanea erie ine kee wees oces 
INSSOCLATO ME OLCSSOL o£ «ores cis ebsbs cial cect ene! ale’ 3,600 00 3600) OOK Raye eaeeGes otra ketenes 
IAGO GIALEVELOLESSONG.. ch s-icite cits oisehe clo ec ced 6 3,200 00 3): 2O0KOO MR coevivaceanetees lice cookin ees 
ASSIStAMPMETOLESSODs :: ac cies chet eras ec cece as 2,600 00 2 GOOHOORIERS Soe tre oe eke | Caen aon eee 
PAISSIStalit: ITOfessOFn 2.7 sce cyelsds asle\s che was ds 2,600 00 DG OOH OOF es eeetes seers | eh ceenemeee race cs 
ASSIS han ie TOLCSSOL oles. ccns eels eFebate-« faus hais 2,500 00 25 OO OO efoto sera eliatrua aan 
PASSIStat. EROLESSOLA. «20 ane cetshenl tein feve soled 2,400 00 2 ADOKOD Ris eey eee ate a ilar eaesicca eae oe 
J YGTS) PUB OU(GY eS ah i er Ue oe, a 2,200 00 2) ZOOM OO ess Gisaueeen |p kaeeteheg are SEES 
MIS EMAC HOT ete Pucniee eh csc papet tite hoses co aneya 3 2,200 00 ZeQOOWOOM Wows cosueret meee ey Rae ominanea eens 
TAS ITCUO eres eaiera ee steno o satele latte ale ee cerakel 1,800 00 T<SOOKOO0 Ree cstrancaiciso| earn eeeuct eae 
HSH SANOFI 0) OY Oak eS Glial Hast Oe 1,300 00 1, BOOZOOR a etepioeee Ma eneiene eee 
Department of Civil Engineering: 
ETOLOSSOESAR aici ro nian CERES OES ME esky eZ Ar OOOWOO ha; 43 OOOHOOM ern ot ayeracstaleetace cect re 
ASSOCIATE EEOLeSSOLs 1. -.<)-r cher ch shete oer coc «les 3,200 00 3 200K 00" Ase hes ot ee Nena cme. 
PANSISCAIL USE ROLESSOD A) sie. ct creer eersie nw sca 2,800 00 2 SOOWO0: | itces terns eee ans cele eausears 
PAISHIS LEVI pe OLESSO Lee viele GPa slic. ke Gene, 0 2,500 00 2 FOOMOO | See oe ae else lek toaaearecn sachin 
ASSIS ol be erOLESSOL MH y.):,. ce cyticl alae oteee «wre 2,600 00 2 GOOROOU Pty tex eto ieke Caeioee aes 
INGSISE AMG ELOLESSOL 2 he srsrdiPeedaveaeye esl ces 2,800 00 PD SOOROO us ratene Sit eatereaae ees argc Re eRe ee 
SUT CUO Le mise ci nce re cio ale cath yuan sks: << saa 2,000 00 2 QOOMOO RS ote these sce | abana bepeneitnes 
SLCUOPTAD MET aeaietccio comet etopere seefeae ote, oie) ok 1,100 00 1 ROOMOOM IRM She fe eres boas ayes 
Department of Mechanical Engineering: 
ETOLESSOL ae ieee eee ei oR PPh etiebe saecc's al « § 4,250 00 Ar D5 OM OOM Hy thats arseeh niall Macatee bea eee eee 
ASSIS Ale EROLESSOTCO ee tre repes seis cbc hs 2,800 00 DS ROO OO) ets so.reea a tees | eee ae eee 
NSSISTAMPOETOLESSODic Scie ckibiedisbs she ee aes 2,600 00 SHENG) 0) 0 RCO) OR baat ae aon aaNet Rw nH 
ASS SHAM UME TOLESSODs su ebay aiks clei sic fe eee 2s 2,600 00 2 GOO OO iiags shuettoaaeecsas Neen eae ieeereaee: 
PASSIStAMUMETOLESSOD hcl) a necc.c siec sce sles 2,400 00 2 AOO MOO Biss atevainvausucs [ieee aadatans havens 
Instructor. . Nt Ap 1,800 00 n TES {00 aad 00) | WEIS Comsciare, ioral | meyeaeseetcy a On oes 
Instructor. . Soi tee bee cba ae oer ae 2,200 00 2, 2OOMOOMIRS cea os cll vd ee eee 
TSCM C HOT ae cre cioteeeceee iets lofi teceres Lok 2,200 00 Ds ZDOOROO pi era cin Neucusueke AIGA ay ehcucwoncesp ake s 
JIVE CECE SES eo Gescye OON  RSAOy Oa e eee 2,000 00 2 OOOW OOM Eis.c 55 seskeeses gays Re. etvatverenee 
MTSTTTCLO Lys ote ee ee Baas ch ah feted eladensi a 8 2,000 00 2 OOOGOO Waar rierthe oc sk ays eooncnd memes ns 
HIST RUCLOL reer tees eee il bualaFaccss eh aistésetens's 2,400 00 2 SAOOL OO. We Rey etercca eral oxiael| aid Sectomeehe 
Tool Room Attendant.... 5 ras ae 1,900 00 A900). OO hig: acreraect oe onsen rece 
SHOWREUDPUTCCT Aen iette daa islets.. Siete eel aiehecs 1,500 00 DOO} OOP Richens torche ee spool aus euena ser ates 
SUCHOP Ta DHOU svete tAR tian sonst cho heriea ls aye chee 600 00 GOOK OO AS hicieron lL eae Rare 
Department of Electrical 1 Engineering: 
Professor. . : : 4,500 00 A) BOOMOO nae Sort ceed aaah thebeats 
Associate Professor. . 3,200 00 330) OO es cei arer Rules nied [ig cilceeee WM Caem ee 
Associate Professor. . Ait eee eee Se RED 3,200 00 B35 ZOO MOOR are clare noes cts elk dena bartesiteaentee 
MStRUCLOLM Maks otigu dee 2,000 00 2 OOO OOS Hie. s | hone tg Wer chabert 
BUEMOS Tay MOTH te ein eale lel cite rat'sl alsa cle\ereystele 600 00 GOOVO0R see eso oC ae 
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TABLE NO. 11—Continued. 


Classification. 
Moat o Extension. 
‘ Experiment 
Current. Station 
DIVISION OF SCIENCE AND LETTERS. 
Applied Science: 
LD Tey WON ARUN Ee A Oe OR cc hari adte AY e $6,000 00 $6;, 000; O0\j).da2 so | 
Department of Federal Students: 
WDITCCTOR 3 czkenss Gen eee ete a in one eee le eraratehs 2,400 00 25 400° 00 i... es oe el ee ee 
PUOSETUCEOR ee eae echo teckel he eee Cece EE 2,000 00 2,000 00."| en oS eee 
BOBLTUCtOL. 2 Pca nies aio kes lca etatauel the oe abel ele 1,200 00 T200> OOM ooccs. gees cal ee ne 
Department of Bacteriology: 
IP TOFESSOT a Rotts he ae oe oo ee ee eG 4,750 00 3,150 00 $1 5600 00" ae 
ASSOCIATE PEOLESSORe since coviecin e as/e. lslasetene wile ‘3,200 00 2,400 00 80000.) See 
Agsociate Proressqre. ne. ok ao os hae ee 3,200 00 1,600 00 1 ,.600:00"|2.22 eee 
ASSIStant Professors.) : ck.shy ute eee creas lal 2,500 00 2900-00. stale eee 
Instructor. A Coa Wer iene Se NE aren 2,400 00 800 00 1,600: 00)"|) 2 eee 
Graduate Assiitanit.,........:2220.0cns0. 800 00 800500 |S 22S TG eee 
Research ‘Associatey: -)). 0. fee a ee oe wee S000 OON 2 2 eee 3,600: 00). os eee 
Research Assistaltivec tants is cae hotest ae 2AS00 O02 oh tes eee ete 2,800 00 (2245 4 es 
Assistant. : 00:00 sie Ararckorrcheacte E500 005) re eenoise es ere 
Assistant . STASI Re Shay ae he eee 3,200 00 1,000 00 2,200) G04) i i eee 
ARISE RIENCE Pee ee nee es Sie 3,400 00 1,200 00 2), 200V00 the Soh eeen 
Department of poteuy: ‘ 
Professor. . : OS IE ong ene ge fs ek ORY 4,500 00 
Associate Professor...................... 3,500 00 
ASSOCIATE ETOLESSOLS |: o4, so casks Case e 3,800 00 
Associate Proressors es, cee one kbs ; 3,000 00 
AssistantiProressORe) ancl: Uae one 2,800 00 
AssistantsProressOt. os... cebie eatin ee 2,400 00 
AssistanteProressor, vecaa. Snel ee 2,400 00 
INStroCtOne oe see ee DRO en ee 2,800 00 
ANI SEPUCTOR AS ree Oe eee ee eee ASE 1,700 00 
Graduate:Assistanto i+. cece nee 800 00 
SLCHOPTAPUERS! soo cies ete erean cme anes Ee 1,350 00 
Research Assistant. - ovo as eee ee ee 2,400 00 
ResearebsA ssistamtenec avenue oes eae 2,600 00 
Department of Chemistry: 
PTOLESROR ees A ee EO 5,000 00 5 C00" 00M ra hace. Satna ooh 
Associate (Professors. oS. cgay ete ee 3,800 00 35800 OO OSs Ve Os eee 
ASSOCIATE XPTOLESSON 40.0.) cease ee eee is ie 3,800 00 34,800; OOF eerie oo ee renee 
Associate Professors =.) 5 Sieve ieee wae 3,200 00 BOOS OOS i CE EE: |e eee een a 
Assistant. Professol... is cat ec ee ee 2,600 00 Di GOOe OO | sa.) cones eee a eee ee 
Assistant se TrOfessorss./3 6 ses cee eee ee 3,000 00 3 O00! 005 ios Se er eee 
A'SSIStant Me LOLEsSOL...2)4/400s eee eae eee 2,800 00 2 800) (O07 |e 20 0. 2 eel ee ee 
IASSIStant ErOressOb cro a tee ee 2,400 00 2 AOD MOO ee ahaa eee eee 
PIISUGUICEOT pen ee eset eae elie cai ee ee, ee tran 2,000 00 2 000500) ies Sooke ea Ree eee 
ENSETUCTOR ee ee eee oe a eee ee 2,200 00 220000). eee eee ee 
TUSESMCLOR Sse re co ccs cee eee nee eR 2,400 00 2400 OO) rs eet eS eles nt Sane ae 
MIS CR UCL OT eos oe oa eh eae ne ene ee ee 2,200 00 2° 260005 eee le eee 
ENSELUCTORS er ee tee et eo eee 1,800 00 1800! O06). ee Bei ccs Pee een 
MNSELUCTOL ees ook Coen eee tines eit: Naas 1,800 00 15300. 00) so es | ae eer 
LETS ol ESO ae rN aN eS ele cae 1,300 00 1, 300/200) as OE ee 
Dispensing Clerk ches eats ee ees 1,800 00 1}:800)-000 | 230 So ee Re ee 
Department of Economics: 
IPT OLESSOT aes tole tore ala ce a eet ae ee oe 4,500 00 450000) |. ih ee eee 
Associate EROressOm jehcs o cn oe ek oan 3,600 00 33600): 000 os a Stee ens 
IA'SSOCIELE ETOLESSOD hott). eee eens 3,800 00 38000042 250 aA eee eee 
YN SSE ST GH af BR ot Nn Ra RP Wes Os id aes 2,400 00 2400.00 42 jo eee renee 
StEBOSTA PHL sie Geo ne Rees aetna 1,350 00 675 00 67D OUT eee cee 
Department of English: 
IPTOLESSOL MeN eile eae one deers coe bemee 4° 00000)" ard O00) OO Ae eke el tiie esheets 
ASSOCIA EYRLOLESSOL rests seeks Riess toe 3,400 00 3), 40000) | oe REO mena 
Assistant seroressOn je) o2e saute con oe ee 2,800 00 ZEROO) OO Wo A Pe eae font ane 
Assistant ProressOFoss cee os). ce ncate ead dere dere ,600 00 260000. ee eens Sree cee 
Assistant ProressOr::: sin cote er tee eee 2,600 00 2 G00 100 |. ee eles eee eae ae ee 
Assistant ProressOr eta en ease se canon 2,400 00 2 A200 OO! | ere eek ot el ones RS a 
Assistant Professonene) ne nade oe ae 2,600 00 22600 V 00" eee hile A ee nae eter re 
TOStructor: Neier yee cee tie ie ieee 1,800 00 L800 %O0 Reh eee | She eae see 
TNSETUCHOR eae Re eek aE ee 2,300 00 2 SOOSOO Shs ay ek ence | erence 
PrIStlUCtOTs eae et OR Re 1,800 00 Te BOO DOO chien tetnw cee ol | eee ene tosete 
MMSELUCEOR, 2 eta Os eae eee 1,800 00 Ty; BOO VOO TN oe sete isl See ere ate as 


AGRICULTURAL COLLEGE ACCOUNTS. 29 


TABLE NO. 11—Continued. 


Classification. 
Rate per i ; 
year. Extension. 
eriment 
Current. Eepernne 
Department of Ey araclogy : ; 
Professor. . SY eys $4,700 00 |(a)$3,100 00 SLAGUOROOM ee yee es 
Assistant Professor. . 3,000 00 ,600 00 LP AQOROOR ones eae rere cr 
Assistant Professor. . rari oh NS ia 3,400 00 1,900 00 L SDOOROO MS fais seem ene 
AS GTITC LOM Aare varia suclec st csea kvohea avg ora er ore uae 2,300 00 DHSOOMOUR | aor tere leat erecs aetanertis 
NAS URALCH OT et aca r sreya ak Cee se eiebane aealernbane steel 2,000 00 ZOOOn OOM a rire cw ete biG apelie ee tne fe 
MEEMORC ADEE ey citcsyiyel ue elon rnesclche cote ev okeh ot 1,200 00 ZOO OO |eiseosaielsritss Sica sis tenn arte 
Graduate ASSISCANE cs wk cute less sae seelclale 800 00 SOONOOY [els ciore teen de acl ee ee 
Department of History: 

NOLESSOL Can vies aNahone os Pdabaie chases one's ieee 5,000 00 ISH ACOTOLO SCOUT Pe Res CMR | SRE ltaenne ite et 

PMNSIST ANIL PE TOLOSSOM ss ays eccse ay orst ciara ce acede anes 2,500 00 PES QOKOOU arses i eee ee 
Department of Mother ations: 

rofessor. . : Ne 5,000 00 ESTPAOL OLB COLO)" havea hay eee el be ROR ena AU 
Associate Professor. . 3,800 00 Si SOO KOU sie rk cecal neta eye ome 
Associate Professor. . CREE EARL ThA Sa EE 3,200 00 SA PAOOCOOM MSA aes teen ete eas 
PNSSIS Halt AP LOLESSOL tc icleci tee tkeie supers oxahiarsng 3,300 00 Se SOOROOM poate tone een erat ere aae nt: 
Assistant Professor....................-. 2,400 00 2 400 ODOR apes a Roeser alleen arent eye ore 
Assistant Si aa: el SA et eee teryal oth ae 2,600 00 2) GOON OO Per thar eee: tent eee es 
Instructor. . ees 1,800 00 TS SOO WOOT ere og tiene cutie ets a ne cra 
Instructor. . SCRAPS U i meal i ee aT Ee 2,200 00 2200 SOO eee Maes call cna nus ceo een ok ade 
NESE MUG RO Na coy tayo srserl is tery cotta tice ooo le 2,100 00 2 LOOM OOS ie iscsi re el tes eee ene 

Department of Miltary Peleus 
Professor. . Sa 2,450 00 2 45 000M sre aise coe eke eat 
Instructor. . cop eee Nt AN Pat at ie RN BR 500 00 DOO OO) |e ae eras ladon eee 
JAS AT OVO VRE ORY AU Ch as Naat gh ATR Gi A on Sellar dh EN A 1,300 00 T SOOL COE eee a erie lobes een te 
Department of Music: 
OER ECTOR a site, Naahevtls, coe kewra renee eee koe ae 3,500 00 DDO OOM ear tenses olsen) teen eet Ape ee 
RIS BUTCEOL odo tere ees rack ere aha oe anda haeeeubeny 1,200 00 Ts 200! OO aie pieren eee in lie tors, 8 teal nara 
Department of Physics: 

TORCSSOT ect eee Oe ersten naire ete 4,500 00 HOO ROOM RMN ee tee els leer cote emcans 
PASTOCLATE OE LOLESSOD foes eh elede ra ere ees das yrekel ole 3,200 00 Ste 2ZOOKOOM easy vassratensre hall ete eceket ener eos 
INSROCIATCKETOICSSOL: yc cen)s eli cara clasane fetes jo ace 3,200 00 Sr LOO MOO Mh reuse resent uncet ao 2 ee ean 
IASSINT ANE DE TOLESSOLs cusses artes cogs, ghey aienehe eee oa 2,700 00 PF LOOPOOM Ree ete al thomas eras 
Instructor. . FAS Se AR ABS Taos, MOONY 2 2,300 00 2 SOO? OOP esta Orckeot cortuxs| betanke ce ueer ok 
Laboratory Assistant...................- 1,200 00 1 ZOOKOOW ee A tes. o hicue cre Pose omnes 
Photographer. . Ly Wetton Pe ea ee Rae 1,900 00 TPODOMOOM Re Rese lc oie clleteds ees suereeeneae ns 
CORN HE) HET CS) re a be ea ae Aico 1,300 00 SOO OOM GS aan ste eod|Miae ee iageenh: 

Department of Physical Training: 
POE CLO eEA Nery RN oteete ical & stoi eiotels ove ones ate 6,000 00 G OOOO ste ees Silay = MOAN aarti 
IASSISTAIN GO INCCLOL scic cet ais iaeavae he ae kee 2,800 00 DBESOOKOO Me Matats ce lite ene eon omic 
(CLOPA GLa Tait la hd Sve peel alain Ieee Bes 2,000 00 ZOOOT OO Me Nay shies, ake leksvoaeereeenaie wah ode 
TMISGMUGTOLE pairs eng oresereke ie eres keer nats ake orl ate 2,200 00 ZEZOO GOO beens ea acca tees lac ose 
MIMS PRUCLOL amr yay cect oaNa ie cial axa hoot tens con auane 2,500 00 Pe FOO ROOM [bere ce cheesey | ance ee ee 
NTIS UHL LO Daren acoae cakes cte-crnacncoks: spetsnet eccie ea, Re 1,800 00 PE SOO OO eae t AU oe et Ak hemes ean 
LISAYSEANRUYEL ICO) EEE CLR aR ces et mt ira A A a 1,800 00 TP SOON OOS | eeere tegen nays [pera ae aacenee 
Instructor... 2,100 00 KOOL OO) | are Si ket meek ites ee Rene pee ices 
Department of Zoology: 
PE NOLESSOLiden ele TeaGEN one Glenn uarah ai) tales cre stamencte A 250K00 (a) 45250" O0F eee Vera enced screen 
IABSOCIAbOPENOLESSONs sista sens 6 ceo aleee a sesso 3,200 00 SEZOON OO aan tae ete lees eee erate 
ASSOC ALC ErOLeSSOLs sc, 52.2 arcs uyese aes ch eeene 3,200 00 SP DZOOR OOH vera hes eee es oe [elector ee tet ce 
MIST RUCTOR a Gad sai it in iertayly a nyc open tena) the 2,500 00 D2 SOOMOO seta rea eee sche te ll utamrad faaker suse 
MIS ERUCT ON Meters, teciepeye attendee iene cca ame 2,400 00 2A OOOO Mr ise ips shai lerer Mie ee hoe ie 
DIVISION OF VETERINARY SCIENCE. 
Department of aenavonty 
Acting Dean. . Hie SFE anit ah ait ec te ir eis 4,200 00 A S2OOZOO Reset sae lite sete: Lenn 
Assistant Professor.....................-. 3,000 00 SPOOOMOOM etre ere rites lepecorse acer atens 
Assistant Professor NCU ae re abate Rena onan os ERT re 2,800 00 DESOOV OO erenoe siete eet leer eta cote 
SPEHOPTADMEE Mave ance noes ontteeten etiielopsiete. sane 1,300 00 SOO MOO aprteret sb cente cess oil jctrote cette con ceca 
Department of EBtholoey +. ; 
Associate Professor. . Ti pik es ale Ed Re et 4,000 00 2,000 00 2. O00} 00r | hse neleteteme 
Assistant: Professor: 3.3.-.. 0) ose eee hae 2,600 00 DLEGOO OO? rerio tree ain |nekareaee kehey ses 
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Classification. 
Ree ee Extension. 
Experiment 
Current. Station, 
Department of Surgery and Medicine: 
Associate Professoricee m1. sinus) sere o aisro n= lots $3,800 00 $3,800 008)... 00s Scans cicil h eeeeee 
Assistant Professoriy.<... =: 2 sista custets «> a0s efor 2,600 00 2600700... noua Sete ee 
Division oF AGRICULTURE. 
TG AN ee Ges Sores RE Ne Sie REE chetely oe se ashes 5,500 00 |(a) 2,750 00 $2,750 (005). 3.0: Geese 
CTR nee el Pine ratannehe otras eeebstccafedvete ree. ~ 1,600 00 800 00 800 00: Naa hae 
Department of Animal Husbandry: 
IPTOLESSOT 24) se sites pelt «dais oases ee 4,250 00 2,850 00 1,400" O05) 20 ene eer 
INSSISTANT AE LOLESSOM atierss cies fats sirens stern rod 2,800 00 2,100 00 (00, (00) |. uc 
Herdsman. . Ba SEN en 2 aaa ey ee a eee AER 15800700) | (a)\1 3800/00") ea ne es 
Stenographer. . LEVIES hae ale a ah a ae Bie 675 00 675) 009). cys, cetac, > |e ace 
Department of Dairy Husbandry: 
Professor. . : aye BRL Red 5,500 00 4,500 00 1; OOOs00R I traces eat. t. 
Associate Professor. . Us gee ad cate ee ele ie’ 3,200 00 2,800 00 400 00) \233ss kee 
Associate Professor. . ae oe 3,000 00 2,000 00 10000013): ee ee 
Superintendent Advanced Registry . ORE oie 2,000 00 2000) 00 Sli... 2 Etrueyues ieee 
(OCS SGV ee oe ha eR RETO RO TREMOR EN 1,350 00 675 00 675 (00S rea ee 
Cleric a Ree ese ee 2 tage See ee ake 1,200 00 1,200 00s | s52.2 Sean tee eae 
Research Assistant. (25 c0). acehe apten oicelobed 2400 TOOTH hel cwcern cathe 2,400 004) Shae ee 
Department of Farm CEODS: 
Professor. . : Lee Hee oe Mes cee 5,000 00 3,500 00 L D00 5008 e712 eek ee 
Associate Professor...................... 4,200 00 1,200 00 3 000 (OOS i nsec pte eee 
Assistant Professor. . Se eag EN MEN RE 3,100 00 2,350 00 T5000 3 etc iee 
ASSIStamt, TOLeSSODs =). > scent: See eo eee 3,200 00 VA O0OT OO TBs e mae $2,200 00 
Assistant ProressOr: ) ace \sacGn Ln wren abo 2,400 00 2,200 00 ZOO NOOR: (sie epee 
Graduate Assistant.)..02.5.5 1s cesiocu ce ee 800 00 SOOMOO Gees ae walecys bee | hoe aaa eee 
Assistant in Farm Crops.....:........... DeSOOY OOM) cicearepert 750 00 1,550 00 
Assistant in’ Harm (Crops..5220-.0 9.2 se DADO ZOOM is. ccsare ete 2), 400 00M cae ene 
MOSETUCEOL: seer fe tore aie eater rend ea eae 2,200 00 1,500 00 10000)": aot ee 
UNS tHUCTO Le ts ciclo shes. c cde Oreo 2,500 00 700 00 1, 800 "00% a yea aitoeetor 
Stenoprapher yy, v2 co. lat pe ae 1,300 00 650 00 650.00 weit ex renee 
Department of Farm Mechanics: 
DEA RC YES! (510) RN Rt OP a aA REE PCy en Pt Seale Pav a 4,500 00 * 3,600 00 900" CO i x micreseouereis 
ASSIST AN te rOLGSSOLs 1s sis: cst Scie eENatr chloe ie 2,600 00 1,300 00 1 SOO 00/8) ces tee ate 
ASSIStAnt se TOLESSON . |) onc... aati heh 2,600 00 1,400 00 200) 00 olor cava eee 
TMSEDUCLOL Menton cece «Ak heathen Re eles 1,800 00 1 8008007) fee ins Stace hoe pee eee 
RST CUOL ees ace cies Goon to autre etre thn ners 1,600 00 T }600)008o ost Sos-8 Ise See 
DUCHORTAPNE are citec aah ete eltae tees ee 675 00 BTONOO a ec ced eh eer nee eae ee 
Department of Farm and Horses: 
SUPELINTENGENt. Aces 5 se Pes opeiten eee 3,000 00 300000) oe. in. Sines eller n nee 
Department of Poultry: 
Associate Professor... sees aha wake 3,200 00 2,400 00 800 :00--|: eter ee 
INStructor ny. sec ee Sea A eee 1,800.00 15800008) toes Cee Seale 
HOTCMANs cate cate eae Ieee ae tones 1,600 00 1600 00/4) foes Stroke Oanl ee eee 
Stenoerapuer.-s sv. & ieee te wae cece vate 1,200 00 T3200 OO nce wince cs carees | one ae pee in e Nop aaa 
Department of Hanenbry: 

Tofessor. . ; ste @apaeaneer cess es dikes OOOO OO 4,000 00 1,000,005 |-Aasoneeeee 
Assistant Professor...................... 2,700 00 25000) OO &| 222) c «spepease bees cp eee 
Instructor. . SARIS RTA eT rom Coe aL 2,000 00 2,000! 00-ie id) 235 nics Sohal eee ene 
OU CTPA psepe te ee c aah a brs Ponape aeteee eee 1,900 00 1900200) i oke sta corset Ue cee 
StenOrraplierienacaacninei decane cisions. cate 1,350 00 1 B50" OOS erica kl nen eecbemae ere 

Department of Bortieuttare: 
Professor. . Res yoko aay ora eee 4,500 00 3,000 00 A500) O00 iss oe vacua 
Associate Professor. . OL Es eee 3,500 00 3,100 00 400 100 <lajsetene ister. toe 
Assistant Professor. . cM sgepeteapae Sxte. ot a fob «2,600 00 2,100 00 SOO OO Me peeens cater 
ASSIStANT! PrOolessOre sce ee eioilne ce lee 2, 400.1004) (a) 2 FSOONOO 8 oa. be cneytesesteglele cestarebn Gear aiete 
Assistant) Protessor. irae kite tne seas 3 2,750 00 700 00 2050! OO We ira ances 
Instructor. . areeeeshat ster testa ah st Ken gece ey, dyl cd eNeuat es 300 00 SOOMOO Siok wie Foner ha ete ete cee 
Stenographer. . Re HRCfchOd ari Rey EAGER Cay CHE 1,350 00 675 00 G75 100! i ak Lae 
Assistant in Horticulture. . A ate cen ey Cas 33500 2005) eee wats 900 00 2,600 00 
Research Assistanty..c5.:5 stp aterm n a hee Be OOO VOOM ies itece aiyeters 3, 000 (O08) 5s. eee 


ARSIStant ) feb ee cc ae a RRS eee ee eee 1 SDOOZOO NH). Garey ices ee 1500) 00 |e archaea 
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Department of Soils: 

TAGES TOTO: LE Wie eG A rie ROO ats Or nto aR 6 
PSSOCIATC se TOLESSOD sss inlet cot eres Sire areas 
INSSISUAN GELOLOSSOL. sissies ood age o Bid rd sees 
AASISEAMD ETOLESSOL fe. woe es few oc k ec cine 
Instructor. . Pt REE: ID CERO aeRO eet 
Research Associate.....................- 
CSCATCHVASSOCIATC S23 sirens <n ner diite a wlasele 
RRCSERECH CASSOCIALE 225 22's a clo ccs ict eels Pome 
ReESeanCHVASSOCIATC!c... oh ts co bee eee eee 
esearch -Assistamt...c.saec is fac s cue cone 
MPEUOSTADHELIn ies whee tiere ae fe te Seti ae 


Special Courses: 
BIKER TOT een tere ara ee ac sabe ford and he etek eStats 
MEISPEICUOL Gee critic ren Coen ethers cue wea 


Beenent Station Chemistry: 

hemist 
HOSCATCHVASSOCIATG..25 f2 inte ee a bon eee 
FvenearenvASsOClate) 222: cascade eae Ose tanks 
Hesearchv Assistant. 95 cc els @aieecttk ee eene 
PRESSES YIN Ee em Mente ye Ponce ed sya Rime TAS eRe rs Oro 


ESTE RLE HATING OMICS Perret sf oy eMart ook Sete 


DIvISION OF EXTENSION. 


Administration: 
BCC COT ete Woreteh terciehel cafes pe sear eee oe 
So ITC CLOT Nee cee ie eee tae eee 
Clerk : 
Stenographer. HOC db URES Ee CUO toon cet 

County Agents: 
PNGBISE IMU eve Sol cyarstate rack ov amel talk eh Aatane tee eles et ae 
2 TSISITS) (ETP ts ser Ree ae eae a ai aE ATE Si 
DUGMOPMADNOI. svisa Naeclaicceesvivas seine Meroe 
PPCHOLTADHED cscs catch okt sero elas seo olaene 
Agent, Alger oe Nols MRaiae eeaTs holt HRS ona 
meent, Allezan County... 2 sa0 «505+ sua 
Agent, Alpena County .i0.). ccna ea oc eo) a 
Agent, Antrim County....5...0. 0.008052 
IAPENt balaga COUNBY 2 esa. 4 ns os wlelae 
Aen. Barrys COUDLY na. kane eaten seuss coe 
ASCH WEeuzie| COUNTYVs cst sol okie cee siepe diate 
Agent, Berrien County... .:..:.....2....-- 
Arent, Branch County. :.....6.0 6.00 e ven 
Agent, Calhoun County. . 
Agent, Cass County.. Seven eee tty eee 
Agent, Charlevoix County. A ee maneNCA omen eat Cre 
Agent, Cheboygan County. 
Agent, Crawford County. . 
Agent; Clinton County... 1... ccceiace coe 
Agent, Dickinson ety a 
Agent, Eaton County. . 
Agent, Emmet County. . 
Agent, Genesee County. . 
Agent, Gladwin County.. 
Arent: Gratiot; County... oliukls. eee nee 
Agent, Gogebic County. . 
Agent, Houghton County... eS ne ol ah 
Agent, Hillsdale County................. 
Agent, Huron County 
PAPeNt clr GM; COUNTY: + soci eve cicilde ete chews 
APH LOMA COUDTY dics os. ikke e wale chee 
Agent, Kalamazoo County 
Agent, Jackson sede 
Agent, Kent County.. 
Agent, Lapeer County... 
Agent, Leelanau County. . 
Agent, Lenawee County................. 
Agent, Livingston County. . 
Agent, Luce County. . Sora Ota inay aren Meer 
Agent, Macomb County. 


Rate per 


year. 


Classification. 


Current. 


Experiment 
Station. 


3l 


Extension. 
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County Agents—Continued. 


Agent, Manistee County..............--- 
Agent, Marquette County..............-. 


Agent, Mason County..... 


Agent, Mecosta County..............-.-. 
Agent, Menominee County..........-..-. 
Agent, Midland County.................. 
Agent, Missaukee County................ 
Agent, Montcalm County................ 
Agent, Muskegon County................ 
Agent, Newaygo County................. 
Agent, Ogemaw County................-- 
Agent “Otsero. Gountyy es jase as ste eel 


Agent, Ottawa County.... 


Avent, Oakland Gounty..(:0.5 02.5...) fee 
Agent; Oceana County 3.) 2:5. deur eos => sek 


Agent, Ontonagon County. 
Agent, Osceola County... . 


(Arent -cPresgue isle tes nn. as.cheieaetecseess © teas 
Agent, Sanilac County... fee. ee ne alone 
Agent, Saginaw County................-. 
Agent, Schoolcraft. County..............- 


Agent, Shiawassee County. 


Apent:St-Glair' County: son hac ce ao ae 
Agent, St. Joseph County................ 


Agent, Tuscola County... . 
Agent, Van Buren County. 


Agent, Washtenaw County............... 
Agent, Wayne County................-:- 


Agent, Wexford County... 


Agent, Kalamazoo County 
Agent, Allegan County... . 


Home Demonstration Agents: 
Agent, Dickinson County. . 


Agent. | Wiayie County: ». oto eran eres 
Agent, Oakland: Gounty. oo. sition, eee 
Agent; Gladwin County. 002. )00% «= 2). teh 


Agent, Ottawa County.... 


Agent, Marquette County................ 


Agent, Gogebic County.... 


Stenographer............. 


Boys’ and Girls’ Club: 


Agent, Branch; County: Geshe eee 
Agent, Calhoun County................+. 


Agent, Cheboygan County 


Agent, Genesee County........5.....- 055 


Agent, Hillsdale County... 
Agent, Iron County....... 
Agent, Lenawee County... 
Agent, Macomb County... 
Agent, Monroe County.... 
Agent, Van Buren County. 
Agent, Wayne County.... 


Agent, Washtenaw County............... 


Home Economics: 


EAP OUUeAGd Ona: owl liak nuouy 
STOLE OLUET ao aG A ie Aa ee 
STURO ELIE a Basia bce Eel Eker 
SPECialista wee cnt k hikes 
Stenographer............. 


‘Boys’ and Girls’ Club Work: 


Statesweddersy 2 okiset 
District Peaderou-. s..ac 
SPeClalist so) ie cola eelas acne 


PRSSISE ATG. peters Ole achar Ras eee Tene, «voles ke) gt 


IECIANSE:. eos etee co 2c. Sosinecnciel ofeynanaie Cds 
SARBISGATIG hig shes. ore ccelh hey ested torhs Cos tame etiie) Soa 
SELENOPLT APNE ere Mee dere see tcta ie fe) cle meee he 


Rate per 


year. 


Classification. 
Garerenit Experiment 
bi Station. 


Extension. 
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TABLE NO. 11—Concluded. 
Classification. 
Genetic Extension. 
Experiment 
Current. eanaorit 
Farm Crops: 
STL OILS eerie cen Chote ionic ites Bice eee Do LOOROOs nena eariete oo aes Saree ee eee ee $3,100 00 
SrOse C2 WEL Soh ee nk tr Rie Saat tens Skene eu acne a ene 1 SO0VOOS eee ee ot oe eee hae 1,800 00 
EET OP heh MOD. thier ste es spent ten ee ele cusre oe 47s ES OOK OO" [ete Ae SE 53 ee ee oe era ts 1,300 00 
Live Stock: 
PADOGIBIIS ip stens sccte sts /ofttons eines fo ayst steveis.@ e% « 3000700" lets estes ast ellare et eeecatees 3,000 00 
RIRGUAIES Cert pacoercih eels lepcignemetert, one aisiels de 0 Sis ZOD COO WN Arcs ola Hkoeec so eee ae 3,200 00 
TISCALI S tee Nae rode rsis eA oRehel eosvereLettevenere S's 6s TROLS ECOL OM le peeotes Bat hae sie al ener ates eka aaah 3,100 00 
Horticulture: 
BSCOROPRADNEL=\se ict cts. cea erase Ftc areal oe. 3h 600 OO! ie ra se ear lle eertter te eee 600 00 
Potatoes and Vegetables: 
PEC IAIIS Umea sree, sista cic cra eran ele le vies 23 GOO VOOE eras tac cee penne epee tees 3,600 00 
ECB outer te toy geron a boise es 2 TSOAOO Nee Beckton ore 2,750 00 
MLE PRA DH LE err weiner fers o keer ahabetes css GOO OOP eerste eee ne eee 600 00 
Farm Manegament Demonstration: 
WERT ONSUTACON cence: 2 ote cv orececeer capita as Pel.ate. & 8 2000) OO" lies 58 eka cots | eeceneks ah seeredaters 2,000 00 
SEU BIS Gioreretae yet sleteatatdetatae ersten a Share a's = 2200000" a fh Seale ee ora 2,000 00 
STUD CUNNG Gon ot OOS CROC GSoC ORO EE 2000 00" |e Sane eee ete eee 2,000 00 
Household Engineering and Drainage: 
RTIRCAD LID bry ere Peete ie ake shisha aie MEE sle wade s Sez OOM OO! sey ot Mes ae | eee mes eter 3,200 00 
Markets: 
Assistant Extension Director............. 6 O00) OOM Fee seete are lloke oe ee peat 6,000 00 
STING AIS Lite Rieter oe Oya, etek nis, Haymleraisvete ieie 4 ZAQ00 200! |e chs, sete © steal et oaskeromon orate ote 4,000 00 
HH ETOMAS OM bans ste crete. ie cub raya) ode ata vs bees 3 50000) | o.citon 2 See 3,500 00 
SLEDOPUGAP HEE sary mete rotbe ns  wea\seeleie eree eral 3 L200 00" |. Sten 3l 25 ie lee terete 1,200 00 
Poultry: 
PS PRTLISE ee oy cgst reciente keto areola sok DES OOKOO! | Ricaaeleseeccs (oe eters 2;500 00 
Lecturer: 
ECLA UIS Mere Folsioie estate ocelcls Coie ieteie tar eve relakei oie. 3° As OOOLOO | :. ec erates elle eee eee 4,000 00 
Land Clearing: 
SSD GIA LING Ay ter See ater lat! eine, traits saheie ate ees 3 AHOOL O05 \eis,.,5 sustnats erate Eno eaee ea ee 3,600 00 
Vocational Teacher Training: 
PETOLESSOL AEN ae «| head othe Ftecsieleco| seed Sera eta SOOM OO! reise arene, tale et | resis ee neem 3,500 00. 
PASSOGCINEE HATOLESSODE oc elses oe ee aieioees 520000): ie coset, tee ee oe 3,200 00 
PNSHISTAMGMETOLCSSOD en ./ iste ciciciates.efesade are ese Se ZOONOO! | Fes ces Acer ee eee 3,200 00 
ASSIST EPOLESS OL ci ites he ee) ae cate: setslese fess 2 S00) OO are cvcsste te Lise | ech eee enone 2,800 00 
MSS ELE V OTT APR hav caloobengs beet e aucvocenenievetaiarss « TSS OOM i ipicsscckcoye: ceetae' | Meeeeneteteegecemedete 1,550 00 
MLEMOPRADHEIS .Ae et ccueys el eresapivete slew, hele 4.0 TE SHOUOO kn sinew cre, ore ei loko coe 1,350 00 
BNO GAH eon CPN ie lee at Mibae etnaiesiehats oso ab 8% $954,025 00 |$592,775 00 |$132,175 00 | $210,975 00 
5 V.$18,100 00 


a House in addition. 
b Room in addition. 
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SUMMARY OF COLLEGE INVENTORY, JUNE 30, 1922. 


Buildings and Lands: 
College farm and: park, 67 deres aes. f ast: © Stucicte/ cee ot eee See ee ee 
Lots 2, 3 and 4, River Bend addition 
Athletic etdvand: drive; il saa@Gress cc ans or ates rele ee ree oer eee 
S20 ACIES Swain p: Lari Glace ope ee ste ths tn) Sudelete cet helsiiode anda a ape et te. pet UNE | Beer eaten ee ea ay 
Purchased’ ©; D.: Woodbury. tarnm, 1916, 308-82) acress. 2 a. sc ko eee ee 
1 acre more or less formerly belonging to Harrison, adjacent to campus 
Purchased in 1913, 27 acres 


a ee 


Buildings: 

Library and museum, built 1881 
Wells eal: rebuilt WOO5=OG Fe eis, cis 5.» lar sve abucht ope hole te ey ateretonenemeiee es Rieke Cae Ieee eee 
Abbot Hall, bul’ a388;. addition in’ 1896)... -/2.3 5 re eree ei eee ae ee ee ee eee 
pence laboratory, built in 1871, south end addition in 1881, east end addition in 

A Boe Be Syatode stacey ra coaetatss ave skied susie» ~e <dyrot Sanyenrore Re Key onet omen oa retell oes ra ie etcaie ie Pai ean eae mac one 
Veterinary laboratory, Dulltiin' 1885)... kare e cee ones eee ne sis te pret ane act oh ets 
Horticiitnral laboratory ,/Duilt 1888: \.2..5 225 eters bie eee. Ce eee eee 
Entomological laboratory, built 1889, improved 1897 
Botanicaliaboratory, Dullt 1892, improved-19092-0 0 6. oe eee oe ee eee 
ATMOLYs, DUTT AISSD ser osc x cle,« 2 Retauslepelere elec crema oem ee es ewe nee ene mre Stee eres 2 
Greenhouse and stable, built 1873, 1879, rebuilt 1892 and 1902 
President’s and two frame dwellings, built’ 1874 
Sixebrickidwellines, built 1857, 1879: andiS842-.—7.c ee okee een eee ee 
One frame house; Duilt AS85025 cue .talelsyes clade Seto eeomtee PIP Oa ee Oe ier ee 
Howards terraceawelling; Duilt) T8830. Fs ae Cee ie ene ee ieee ree 
Farmhouse: dwelling, built.L869 505 imo rane eaetronois oe ane ene eer ee ee ee 
Bul Darn TED UU LOO a2 xc: sects = Cromer sex eiaten ice Ghee ee ate ok Nae tee eee es ae ee 
SHEEP AE, EDULE ALDOG 2 cores cars ons ce aces) «Peau e eee eres eee aoe eects oT hc ee a ee 
Horse barn; (omit 1 906. so A. ceas acing ee etereros ee ee tea ey Oe ee ee ee 
Gradevherdibarn rebuilt: 1905.23 x </e-c4. e-aeahete woke ete ne ae ae EO eT ee a 
PIPE. BEDULG LOOT. os SSS ee 5, epelcre ae et eae ea ORS Shea OS OR eID a OSES 
DD airyubarn Sep uilb- L900 ws PA ake oper yarn eset ak em cba in ae re eal ce eee ern 
Poultryghouse, built, L906 sack c,. oie ahebe ino, yoke owe cuca aati Rar cee rc ote eee ee 
Incubator house, built 1906 
Poultry, House, Duilt VOOT se soc oie. d Ancus co cnsvccc posers tapeig ts Gren Pence EP areIT von ea ene ee 
Three poultry houses, built 1907 
Ten brooder houses, built 1908 
Corn barn; Dut TS Ia = ey sale tees ere ate ea en ce ee eee 
Observalory, DUT ASSO eos toss sce eeu tare esate we eee ere Cae ao Senet. Secret ace ec re 
Bath house and fittings, built 1902-3 
VOspitial Pulp USGA ee tye BAD 5 abreast yee de fone one ee EE i eee ses Rae ee 
Waiting room and book store, DULL L902 5. soe Le eee ie cect ete seen) ice eee 
ONE STO Ara Rie alate ee De Oe eve weer ads patches Bien g he ue aie Crear ae ea NETS tee ee Beene ee 
Women’s building, built 1909 
Forestry building, built, LQOO Ww .2 5 cc second ue Suse es eee es cae Po a oe a le een ae 
Bacteriological building, built 1902 


Tunnel system, built 1904 
Cold’ storage’: Teb wilh WOO 5 Mes is ee eee ova ey et teks IE at Oe eRe env 
Iron bridge over Cedar river, built 1888 
Bridge to athletic field 
Wiaimiine SHE: 52.225 = tiie hires ee eee ve aaa len © ees cueUe hal Sets ket ea EIS Si ELE een 
Four hospital cottages, built 1909 
Agricultural building, built 1909 
SUS STO: NOL: Boe sesso Sisrapenere wccee oe revave le ol ollewe seas oleate MOR RDS CEs ates ae eee ate 
Pipeery- Lor serilmaproouecniOne Wa foc hess oie es ea Se eh atioa tine ne leas ma cated eeenee 
wo tenan td wellingsMOuilh LOUD. aoe. ase etree) He Sista ete eueee hee Pa ioha shen sean gent ee 
New dairy building, Duwilt Vols so. oo fe odes Pee tee ee parle. ssf a Oe eee 
i rll Re yf Sa ig (os 0 tea Na ne tee rs eS Ree RE She eg Enc Ari rh coe neePiniiee Ene ates on 
sDHETSHOy INO 3. Havant Jeera gathapes <a. aialgs = Eafalgega noetoicysoicsa's Pople g tc pete hes WARES ean PoP Tle tara greet 
PCEMent Stave’ SUOS os 5,2 we aaiehs ys ravelerspete tstaxcnsTeRsie Bbsde ayoy ah Re ae apeh ops Pavan Rep jetiecces is cole Woe aee Som 
HOLES, DACKINIE INORG ste amen. « Cecusttee casket tous aca shcreme mek trcaliatc RAE Ne aie See atest eee rae aera 
Veterinary laboratory, 1914 
Special chemical laboratory 
R. E. Olds Hall of Engineering, built 1916 
SHOP UNO suit) ONG A ot. ote ty. eek eee Oe eee gd Vaden ORAS three 
Shop No. 2, built 1916 
SHOD MNO MS ADU AL OD G So a iesaitechcn, 55cm ae Oe eae eR ne ae Oe ohne a ee erate 
GyANDASiin POU POT G sis aoicicge Se Repos Ie chee ease ete Porrerualee MERTON Se er eee ene ote 
Shoptanag, Storehouse PUile LO19=1 9202s ret erence eanatetee eis ener aisha nee ecuador ane 
Boller House MOU MOD oO. be sorter coe evoke nero an IEDs Gatele arenes tet 7 elisa ene 
COE onkianl xt till neal) ESE ene ee eee eRe ieee ae eR ee ethan he tbc Ghat ous 
Hntomoloricall daborstory, Dut VOD oo cto oe cee a cusuel eae mie sane me Suse oe eke enete eeeLe 
Addition HOMOULETYWHOUSE My Hoes ta a: Poppet ees one Renta ual ste nee ieee ae Oe ee 


$1,756,632 


$67,100 


22,000 
55,000 
15,000 


ec Re ee eee ee ee Oe erodes Ry on tir at ~ $2,811,147 
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SUMMARY OF COLLEGE INVENTORY, June 30, 1922—Continued. 
Amount forwarded............. Sc OOS Log deat Do rdipeearecenod ope. Sor oornScredao Sou NeC COC EEE $1,756,632 50 
Division oF AGRICULTURE: : 
Wenarbment of Asriculiural MGUGAtION: .f2 i A.ae ca cals olesig seca lcesrte see es onsen ce $630 25 
MER MERCI OLEAN HIM ly EEUS I AMO Yia< (cts te lo oS oile,ehm uchci) epee = aysinis Sele ticle Oi sis ee oa avatels.s 22,237 65 
MIB ALLIEN LOL Mai ry ELURD ALG y siare loli ye cas arhtvare a ole: Sm a ava disnetansia cise a Ga nahe wlareielee 48,344 61 
PEL CELOL DCAM OLVALTIGULUNTE yee aicie wills vars Rreteliovenedars) chs Wace ig soma Gieleies's gil sicels Siem eee 1,245 21 
PAP ALEIMeMC Ole HAPIUOLODS ri vesitettemiete apres <uehe oust iouslone: spb cl gi@teclewwicl ele -ole.e. 8 a6 su SiS a alle 3,797 12 
Per Ola GOL, EEN eur) Ch PROTSES -celeravetaya.c stave <= SEs: 2\(oirci'ss evncayeral seems pois) stedaver aly ahal’= sraLstete fate 30,154 19 
WENALLIEN Ole arn NEAMAPEIMIOME «3151.18 sbe eis aye ee jesse oe nie, peg eane e.auele tee a aielel ein ciens 9 550 86 
IE Ran perl gy Ole HCI VU CCILATH CS yarn ates cle) okite.~ foto's, « eae gsclene cresebelote ©) 5. jie toy seta a la.d ere he 7,165 7 
SNS prente OMLE OLE MOLOSUEY: ne ett eae n oy Aicvei er lal sa io ale Sie = chal op selsuinvettels (alla.cPaLe lo apalewere silel ofa ate 21,148 20 
MERTEN UG UELLONUCICMEDUTe etemp ian cra chiale feats, as, ana ya.5.0, 0 ouetel a tal aeiave) sles koe els Ct aun aie 6,207 87 
IEP AMOH MOL LOUIE Ve ELUSDANOL Yarn sts: oye v.clemihe clsscivig hele ee sale wks Shela Ghee s 10,898 19 
MIP HIM CHILO MOO Smer temic tsi ee oa Se onathe crsyrds apdie Srocese chakra aincis 5 meverslets ere 9,122 15 
Division oF APPLIED SCIENCE: 
BIE OREHON mOle ED ACLCLIOLOLN eieysreis cer ae oie nicht aie a) dare, sgaqays « DRee SHAD Agate sacle es wee Shae 19,557 09 
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REPORT OF THE DEAN OF AGRICULTURE. 


To President David Friday: 


previous year. 


ment of the enrollment within the division during the year. 


ing the year. 


MUivaneed PCIE 260i. oss sele ase ciel ae tele ners ee eerie if 
Graduate Students. .255 5c acy een cometh eae emeeiees ne ee its 
Graduating Class isis 4 bce tients = aide lene eee ee 104 
POTIONS fet. 3 hegris le h lasw oes eawennese ean teats ee en ea stale fees ais! 
OWIIOLS Fo sa: ohierd aoe ee eh oes Oo nd te EEE Ee 128 
PO PMOMGOTES: /. parce access ec «ce eve ee eae eee 121 
Preshmen: t 34 ois ees SU i ee Ce Eee 187 
I DOCTA NG re os bee eae hrs 2 ols Wee bl RE eee eee 4 
Simmer Session’; ois ssh es SOK eee eee ee OE 160 


Sixteen Weeks’ Course in General Agriculture first year. 75 
Sixteen Weeks’ Course in General Agriculture second year 25 
Eight Weeks’ Course in General Agriculture first year . 35 
Hight Weeks’ Course in General Agriculture second year. 13 


In the educational work of the Agricultural Division this year witnessed 
a marked return to normal over the conditions prevailing during some of 
the recent years on account of war conditions. 
in the regular four year course including graduate students was eight 
hundred and thirty-nine an increase of one hundred and two over the 
The attendance in the various short courses was slightly 
smaller than last year. The following statistics present a classified state- 


The total enrollment 


839 


Eight Weeks’ Course in Horticulture ............... 3D: 
Hight Weeks’ Course in Farm Engineering ............ ff 
Kight Weeks’ Course in Dairy Production ............. 32 
Eight Weeks’ Course in Dairy Manufacture ........... 32 
Hight Weeks’ Course in Farm Business ............... 5 
Four Weeks’ Course in Poultry Husbandry ........... 24 
Four Weeks’ Course in Ice Cream Making ............. 21 
Two Weeks’ Course in Cow Testing and Dairy Barn 
Memmagrememnt 7.5 6's esa ss ooo ois aoe ones hates cede eee 50 
Mics lrnck and Tractor Course(s .0k t-te nies eee 20 
second Truck ’and Tractor Course; .'55 221s aac eee eee 26 
rd. Druck and: Tractor Course -/.cs..2s.tesenesee ee 26 
Fourth ruck and Tractor (Course. 3...) < se. hese eee 22 
Ppecta! AOOMESES | 3.2. bl. hs (eae prae eee eteene 6 
454 
Total so9 2.5.0 So's dw cos Sint oe Gl bese wi SIE ee ee eee 1293 


The usual number of farmers’ and stockmen’s meetings were held dur- 
Most notable among these were the meetings of the State 
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Live Stock Breeders’ and Feeders’ Association in January, the Farmer’s 
Week in February and Farmer’s Day the previous August. All three of 
these were unprecedented successes. Farmers’ Week originally an Agri- 
eultural Division undertaking has become an institutional affair, in 
which all divisions of the institution participate heartily and harmo- 
niously. 

During this year the Division again entered competitions with dairy 
and stock judging teams at National and International Expositions, 
making creditable winnings. The Animal Husbandry Department 
achieved the signal honor of winning grand championship on steer carcass 
at the 1921 International Live Stock Exposition. 

The Division is pursuing its past policy of trying to build up and 
maintain uniformly strong and efficient departments. The Horticultural 
Department is badly in need of a new building providing offices and 
laboratories together with commercial greenhouses. A new farm me- 
chanics building with equipment is also sorely needed as this phase of 
educational work is becoming more and more important to the farmer. 
The removal of some old buildings formerly used has greatly restricted 
the usable space. 

In addition to the 1020 acres of land now owned by the College at East 
Lansing, an additional 200 acres to the south has been rented with option 
of purchase. While this additional land is now needed, future years will 
certainly justify the contemplated purchase in the very near future. 

It is gratifying to be able to report relationships of harmony and en- 
thusiastic effort throughout the entire Division. 

Respectfully submitted, 
R. 8S. SHAW, 
Dean of Agriculture. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF ANIMAL HUSBANDRY. 


President David Friday, 
College. 
Dear Sir: 
I have the honor to submit the following report of the Department of 
Animal Husbandry for the year ending June 30, 1922. 
The following table gives a summary of the teaching work carried by 
the staff the past year: 
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Subject. Sect. Rec Hh pds Instructor. 
ere eee Per eet | Maer be 
Fall Term 
Regulars 
"i 5 Bais eee git ga Wie A heat 14 3 5 64 | W.E. J. Edwards 
Nal E OLA, reba hg = oe 5-8 3 5 56 | G. A. Brown 
AS Te oa ae eee 9-12 3 5 65 | W. E. J. Edwards 
AGU Se Se Ree Oe 3 5 55 | W. E. J. Edwards 
AGL: ERs Sen a SS . SAS) TSS 5 8 32 | G. A. Brown 
Short Course. 
BU EU hee Sten arr ee tae | ee As eet 5 10 61 | H. E. Dennison and W. E. J. Edwards 
AS Ea AD eee ee ee pl abs Bea 23 SE Se 5 5 61 | G. A. Brown 
Winter Term: 
Regulars. 
JE UE LA peer cia rend be Ae eae aie 1 5 8 9 | G. A. Brown 
AMER Ae eect es can ny se. 2 5 8 12 | G. A. Brown 
Short Course. 
Study of Types........... oe. A Soe a 5 10 31 | H.E. Dennison and W. E. J. Edwards 
Shidy ORE rpeHS ot Aci Bot), 2 ae ee tne 4 8 51 | W. E. J. Edwar 
Stock indemp? 5322. eh Nee ee 5 10 30 | R. L. Mackie 
Live Stock Management.......].........- 3 3 28 | W. E. J. Edwards 
SEMIN. 27 ek fo ae oe A eetdnc bee 5 5 30 | G. A. Brown 
Spring Term: 
Regulars. 
SUR ES ee RP Lr on ee eee 3 3 39 | G. A. Brown 
TD GOR a RR eee eA! by be een 5 8 21 | G. A. Brown 
Federal 
yes ot Ae A ee eRe So) bh Sane ae 3 6 48 | W.E. J. Edwards 


As shown by the above outline the schedule of teaching work has been 
extremely heavy and has consumed the major portion of the time of the 
two members of the department. The freshmen classes should, in justice 
to both students and instructor, be divided into smaller sections for the 
laboratory work. The same is true of some of the short course classes. I 
earnestly request that the personnel of the department be increased to a 
point where classes can be divided into sections of not over thirty men for 
laboratory work. The large amount of classroom work during the fall 
and winter terms, prevents the members of the department assisting in 
extension work or attending live stock breeders’ meetings in different 
parts of the State. 


EXTENSION. 


Mr. Donald Williams who has been doing extension work in sheep hus- 
bandry for three years, was released March 1 to take charge of the Farm 
Bureau Wool Pool, resulting in a temporary break in this service for 
which there is an urgent demand. Mr. Verne Freeman is taking up exten- 
sion work with the department, July 1. Mr. Freeman will devote his 
time to work with the beef cattle and swine interests of the State. Not 
less than three men should be employed to carry on the extension work 
with beef cattle, sheep and swine. 

Mr. W. E. J. Edwards devoted a considerable part of April and May 
to extension work, holding 30 meetings in seven counties, which were at- 
tended by 1050 farmers. 


JUDGING FAIRS. 


During August and September, 1921, the members of the department 
acted as Official Judges of live stock at 26 county fairs and also at the 
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State Fair. This work keeps the College in close touch with the live 
stock breeders of the State and furnishes the department an opportunity 
to extend its teachings of correct type and form, which must be associated 
with efficient production in animals, to a larger number of farmers than 
can be reached in any other way. 


LIVE STOCK EQUIPMENT. 
The following represents the live-stock equipment at present: 


Beef Cattle 


Reet eee 8, oS tars ernie eh aia, Wea aos 20 
ATCC TE TAMU UES cs 7s: as 9, se shan at sh eha ya 6's es ss 22 
SLICE TELA DEE CREA ee oh Re ee Fone tera oa Oe 26 
“PT EP LES re 2 ay ay eet iat i Pee te 
Sheep 
mofOETOR CULE Ca De Re eee ge A 24. 
STRUM ES OS cla. Sete 2 ake ss «22's 8 oceia ea slab oor 43 
PAIRS META 2th 8 3 siete sles «isjars © aehe sid ots) sual 52 
LCC ia] Gs Sy teed, PPCke gene Se ll PE PE Pg Pe 44 
OEE ee EMTS citys chai kaw wie fe mate GARE 16 
Teamipaumilet ae ac oye.2 bs Acie ik ag hye hens 50 
OUST Tes Eo a ape ORS ps a a 10 
{LUE § AU oan Be ee ee eS nN 239 
Swine 
WHE OU DOTSE RG oti dais bichsicare B'S eas Fhe Gal 2 45 
LED OUNCE lege Ae ee os Rh ae eee ae S 
COPE STE ET ee "0 ON ool eee ee 34. 
JEST PORE. Ua Ce iy og ee a 3 
MOR RAN VAG 6 BRAY et eA ct 2 Re 39 
Reopen gia lamigperts caine Set Re Reg pee 8 Polen ic ete aleidt 32 
IDS Manes ean Be ig ais & SSeanerd wlan pL SS 10 
HOE aeeeN toss Rene oe Se etic cee ook 


The above numbers include the spring calves, lambs and pigs, many of 
which are now on experimental feeding test and will be disposed of early 
this fall. 

Practically no funds have been available for the purchase of better live 
stock for several years. The Hereford and Shorthorn cattle at present are 
not of as high a standard of excellence as should be maintained by the 
College, and better representatives of these breeds should be obtained as 
soon as possible. 

The Aberdeen Angus herd was very materially strengthened when Mr. 
W. E. Scripps of Detroit presented the College with an Aberdeen Angus 
herd bull “Plumb Square and Level,” a superior individual sired by the 
noted bull, Edgar of Dalmeny, w hich Mr. Scripps imported from Scotland 
for use on his Wildwood Farm at Orion, Michigan. 

Plumb Square and Level was: 
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1st Prize Calf and Junior Champion Bull at the Michigan State 
Fair in 1920. : 

2nd Prize Yearling at the State Fair in 1921, and 

4th Prize Yearling Bull at the 1921 International. 

The limited area of land surrounding the present piggery and the crowd- 
ed conditions, have prevented the development of high class individuals. 
With the completion of the new plant now under consideration, ‘a superior 
male and female of each of the several breeds represented in the herd, 
should be purchased. 

By the purchase of better sires than have been used in the past, the 
sheep flock would in a short time be of superior excellence. 

For several years the appropriation for the department has been barely 
sufficient to maintain the equipment, making it necessary to pursue a 
policy of rigid economy in all purchases, whereas we should be able to 
purchase only the best, especially of sires, in order to have superior indi- 
viduals for classroom work. 


LIVE STOCK EXHIBITS. 


An exhibit of beef cattle was made at the State Fair in 1921. Our 
winnings being as follows: 1st Prize Steer Herd, 2nd Prize Two- 
year Old Steer, 2nd Prize Steer Calf, 3rd Prize Yearling Steer, 4th Prize 
Aberdeen Angus Bull and 4th Prize Senior Aberdeen Angus Calf. 

For the first time since 1901 an exhibit of 9 steers, 15 sheep and 1 hog 
was made at the 1921 International Live Stock Exposition, winning 14 
prizes which includes three First Prizes and one Championship. All of 
the live stock exhibited was bred and fitted at the College. The Aberdeen 
Angus Steer, College Erin, furnished the First Prize Junior Yearling 
Carcass and the Grand Championship Carcass of the show—a much 
coveted honor. 


— 


BUILDINGS. 


A new piggery which is sadly needed is now being planned and will be 
constructed this fall. 

The beef cattle and sheep barns are both inadequate for the work 
which we should be doing at the present time. The sheep barn should 
be enlarged to give room for experimental work in sheep feeding, and 
placed in a location where the sheep would have access to grazing plots 
rather than being closely confined as they are at the present time. 

The beef barn is not large enough for the fitting of show herds and 
the management of the breeding herd at the same time. It would have 
to be remodeled to give good facilities for fitting show herds, and should 
be enlarged to give room for experimental steer feeding. To do this 
properly would necessitate the erection of a new building for which we 
have urgent need at the present time. Such a building should be located 
across the river where more room would be available. 
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I desire to express my sincere appreciation of the assistance which 
Mr. Edwards has given in instruction work, Mr. Mackie in managing 
the herds and flocks, and Mr. Walker in fitting show cattle. 

Respectfully submitted, 
GEO. A. BROWN, 
Professor of Animal Husbandry. 
East Lansing, Michigan, June 30, 1922 


REPORT OF THE DEPARTMENT OF DAIRY HUSBANDRY. 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: 


I herewith submit the report of the work 2 the a, of Dairy 
Husbandry for the year ending June 50, 1922 
The personnel of the department has been as follows: 


O. E. Reed, Professor of Dairy Husbandry. 
J. E. Burnett, Associate Professor of Dairy Husbandry. 

O. T. Goodwin, Associate Professor of Dairy Manufactures. 
H. E. Dennison, Assistant Professor of Dairy Husbandry. 
Transferred to Extension Dept., Jan. 1, 1922. 

C. E. Newlander, Assistant Professor of Dairy Manufactures. 
Resigned Jan. 1, 1922 

Hilda Kellner, Instructor in Dairy Manufactures. 
Resigned, September 1, 1921. 

E. B. Hint, Superintendent of Official Testing. 

Stanley J. Brownell, Research Assistant in Dairying. 

H. C. Jordan, Instructor in Cheese Making. 
January Ist—March 1st, 1922. 


INVESTIGATION AND TEACHING. 


Investigation in this department for the past year has been somewhat 
neglected on account of the shortage of help, as well as the necessity of 
spending a great deal of time in the extension field. Mr. Stanley J. 
Brownell, Research Assistant in Dairying, has published the bulletin 
“Studies in Milk Distribution.” Other work conducted has been the 
studies with sweet clover as a pasture for dairy cattle. The first trial 
was in June and July, 1921, and the results were reported in the 
Quarterly Bulletin. The breeding experiments conducted in co-oper- 
ation with the U. S. Department of Agriculture have been continued 
and are still being carried on. Minor “investigations in the study of 
the production of clean milk have also been started in co-operation 
with the Bacteriology Department. 


44 STATE BOARD OF AGRICULTURE. 


On account of the establishment of new courses during the past year 
the teaching work of this department has increased materially. A total 
of 926 students received instruction throughout the year. This in- 
cludes instruction in both long and short courses. There were 357 
regular college students and 569 short course students. 

In January of this year the department offered a course for the field 
men of the creamery manufacturing and milk distributing plants, and 
this course was attended by 50 of these representatives. We feel that 
this sort of instruction given in this type of course, is very beneficial 
to the institution. These field men come in direct contact with the 
farmer and by giving them instruction as to proper methods of feeding 
and caring for cattle and handling milk, we are able to see that the 
farmer gets the right kind of instruction from these men. It is planned 
to continue such courses in the future. 

A number of short courses were given, including a two weeks’ course 
in testing for men desiring to eenduct official testing. This course at- - 
tracted 50 students. 

A two week’s course was given for ice cream manufacturers during 
the month of March, which was attended by 22 students. 

The College was represented last year by a students’ judging team at 
the National Dairy Show. This contest created a great deal of interest 
among the students and the team which was composed of four men met 
in competition with 16 other ‘agricultural colleges and succeeded in 
winning third place. 

During the past year the M. A. C. creamery has been put upon a com- 
mercial basis. This has been done in order to give our students instruc- 
tion in a commercial concern. This is highly important, particularly for 
the training of our short course students who are here for only a very short 
time. They will not only get instruction as to methods of making butter 
and handling other milk products, but have opportunity to study business 
methods and the operation of a creamery. The plan that has been 
adopted is to operate this creamery on a commercial basis and maintain 
the output at the maximum of 25,000 pounds of butter per month. The 
creamery was placed on this basis October 17, 1921. At that time the 
total production of butter was 5,000 pounds and this has steadily in- 
creased until in June the production was 20,000 pounds. 

The dairy herd has been increased considerably during the past year. 
A large number of official records have been completed and the herd has 
thereby been increased in value to a marked degree. The records that 
are worthy of note are: Colantha Mutual Queen No. 256679 for 365 days, 
24174.2 pounds of milk and 1026.7 pounds of butter. Pauline Colantha' 
Fayne No. 460895 for 365 days, 19662.1 pounds of milk and 737.7 pounds 
of butter. That was the State Junior two year old milk record for the 
breed when it was made. 

During the past year improvements and additions have been made at 
the dairy barn so as to produce and care for milk of high quality. The 
object in establishing this sort of business is to enable the department 
to give the best possible instruction in the care of milk on the farm that 
is to be used for human consumption, and thereby stimulate the interest 
in the production of clean, wholesome milk in the small towns and cities 
of the State. This milk, produced at the barn, is regularly inspected and 


ee ee ee 
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analyzed by the Bacteriology Department. The quality of the milk thus 


far produced, has been exceptionally good, and the whole project has 


been very gratifying. . 

The department made an exhibit at the State Fair, Detroit, and also 
in conjunction with the Allied Dairy Association at Saginaw during the 
year. These exhibits were planned to show the type of work being done 
at the College and they also embodied ‘the lessons of efficient and eco- 
nomical production. 

EXTENSION SERVICE. 


A great deal of time has been spent by the members of this department 
in administering and conducting the dairy extension work during the 
past year. Mr. J. A. Waldron has continued in charge of extension work 
and Mr. A. C. Baltzer has been assisting in this work throughout the 
year. Mr. H. E. Dennison was added to the Extension staff on January 
Ist. In addition to these men other members of the department have 
spent a liberal amount of time doing field work. New methods have been 
worked out in the conduct of extension work during the past year. County 
campaigns have been arranged and carried out in eight counties. This 
method of getting the information to the farmer has been found the 
most effective of any yet devised. The plan in brief is to spend a suf- 
ficient length of time in a county, ranging from six to fourteen days, 
to cover the entire county. One day is spent around each commun- 
ity center and four to eight meetings are held in the barns surround- 
ing the market or community center. A night round-up meeting is held 
in the town hall or church or elsewhere. Moving pictures are shown and 
general discussions conducted regarding the subject. There has 
been a great demand for this sort of work and it will, no doubt, be con- 
tinued during the coming year. 

Members of the department have also attended farmers’ institutes and 
meetings, and we have furnished judges for the livestock at many county 
and district fairs. 

One value feature of the extension work during the past year is shown 
by the increase in the number of cow testing associations from eleven 
to twenty, of which sixteen are in active operation. 


ADVANCED REGISTRY. 


The result of the official testing for the past year shows an increase in 
the semi-official work with a slight decrease in the official work. There 
were 1230 seven day records, 183 thirty day records and 42 thirty pound 
records compared with 1330 seven day records and 59 thirty pound records 
for the previous year. 

The semi work is shown by herds, 96 herds being under supervision at 
the present time and approximately 520 cows, as compared with 87 herds 
for the closing of the previous year, showing an increase of a little 
over 10%. . 


Breed Number of Herds 
Holstein-Friesian ....... OE A ae en ne Be ee 40 
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There have been some very creditable records made this year, including 
several state records and one World’s record for the Guernsey breed, 
both in the single and double letter class of Junior two year olds. 

Respectfully submitted, 
O. E. REED, 
Professor of Dairy Husbandry. 
East Lansing, Michigan, June 30, 1922. ‘ 


- REPORT OF THE DEPARTMENT OF FARM CROPS. 


President David Friday, 
Michigan Agricultural. College. 
My dear President Friday: 


Opportunity was given during the past year for the development of 
several new courses in Farm Crops, which were presented for the first 
time in addition to the basic courses previously established. Assistant 
Professor Cormany reports that seventy-four men were enrolled in the 
newly established potato, sugar beet and root crop course—Farm Crops 
7, offered for juniors. Ample material was available for varietal studies, 
seed studies, and the study of market requirements. Forty-five men took 
the new course, Farm Crops 6—Crop Ecology. This field offers ample 
opportunity for the development of a strong course. The advanced work 
with cereals and forage crops has been given greater strength by placing 
all of the cereal seed “work in the fall term course for seniors, known as 
Farm Crops 8, and providing for equal opportunity for forage crop seed 
study during the laboratory hours accompanying Farm Crops 4. 

The laboratory equipment was increased by the addition of a moving 
picture machine and four new cases for class material collected during 
the year. 

The following is a condensed statement of courses presented : 


Farm Crops 1—Cereals:—Three credit freshman course. Two lectures and two 
laboratory hours per week. One hundred and eighty-three students. 
Professor J. F. Cox and Instructor J. R. Duncan. 
Farm Crops 2—Forage Crops:—Two credit sophomore course. Two two-hour 
lecture-laboratory periods per week. Seventy-nine students... 
Assistant Professor C. R. Megee and Graduate Assistants. 
Farm Crops 8—Adwvanced Cereals:—Five credit senior course. One lecture and 
three laboratory hours per week. Fifty-one students. 
Assistant Professor A. Il. Bibbins,* Assistant Professor C. E, Cormany and 
Instructor J. R. Duncan. 
Farm Crops 4—Advanced Forage Crops:—Five credit senior course. ‘Three lec- 
tures and two laboratories per week. Thirty-two students, '’' 
Assistant Professor C. R. Megee and Assistant Professor C. EH. Cormany. 
Farm Crops 5a—Plant Genetics:—Five credits, juniors and seniors. Three 
students. 
Professor F, A. Spragg, Mr. E. E. Down and Graduate Assistant H. M. Brown. 


*Resigned Jan. 1, 1922, Mr. G W. Putnam appointed assistant professor in Farm Crops, Jan. 
i, 1922. 
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Farm Crops 5b—Plant Breeding:—Five credit senior course. Three students. 
Professor F. A. Spragg and Mr. EF. EH. Down. 
Farm Crops 6—Crop Ecology:—Five credit senior course, Three lectures and 
two laboratory periods. Fifty-three students. 
Professor J. F. Cox, Assistant Professor G. W. Putnam and Assistant Professor 
C. E. Cormany. 
Farm Crops 7—Potato, Sugar Beets, and Root Crops:—-Three credit junior course 
Two lectures and one laboratory per week. Seventy-six students. 
Assistant Professor C. E. Cormany. 
Graduate students—eight. 
Short Cowrse—fall term, first year—sixteen weeks. ‘Sixty-two students. 
Assistant Professor C. E. Cormany and Instructor J. R. Duncan. 
Two-year six-weeks’ course. Twelve men. 
Assistant Professor C. R. Megee and Instructor Duncan. 
Short course—winter term. Twelve men. 
Assistant Professor C. E. Cormany. 
Winter term eight-weeks’ course. Forty-eight men, 
Assistant Professor C. R. Megee and Instructor J. R. Duncan. 


SUMMER COURSES 1922. 


Farm Crops 3—Hight students. 
Assistant Professor C. E. Cormany. 
Farm Crops 4—Ten students. 
Assistant Professor C. R. Megee. 
Special ten-weeks’ course for High School Principals. 
Professor J. F. Cox, Ass’t. Professor C. R. Megee and Ass’t. Professor C. E. 


ere Cormany : 
A two weeks’ school for High School Teachers—Smith-Hughes plan. Thirty 


students. 
Professor J. F. Cox and members of the Crops Department. 


I am certain that the recently authorized addition of two hialf-time 
graduate assistantships and two quarter-time graduate assistantships 
will greatly strengthen the laboratory and research work. 

The number of inquiries received from farmers by mail relating to crops 
questions has greatly increased. Eleven thousand, four hundred and 
eighty first-class letters were written by experiment station and college 
workers in the Farm Crops Department, and eight thousand, four hundred 
and seventy-five first-class letters by extension men in Crops, or a total 
of nineteen thousand, nine hundred and sixty-one letters in answer to 
crops inquiries. In addition a large number of inquiries were answered 
by appropriate bulletins or circulars. 

I take great pleasure in reporting the past year as one of progress 
characterized by the earnest endeavor and loyal support of all members 
of the Crops Department. 

Respectfully yours, 
J. F. COX, 
Professor of Farm Crops. 
Fast Lansing, Michigan, June 30, 1922. 
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REPORT OF THE DEPARTMENT OF FARM MECHANICS. 


President David Friday, 
M. A. C. 
Dear Sir: 
I have the honor to transmit herewith the report of the Department 
of Farm Mechanics for the year 1921-1922. 


INSTRUCTION, 


The personnel of the department for the past year was as follows: 


REGULAR COURSES. 


H. H. Musselman, Professor. 
©. Sauve, Assistant Professor. 
E. Fogle, Assistant Professor. 
. A. Getman, Instructor (part time) tractors. 
R. Hammond, Instructor, in charge of equipment and Assistant in 
Short Courses. 
Daniel Shafer, Instructor in Blacksmithing. © 
Miss Gladys M. Sunday, Stenographer (part time). 


SPECIAL COURSES. 
R. E. Walker, Carpentry. 
H. J. Gallagher, Farm Buildings and Conveniences, 


B. O. Powell, Tractors and Gas Engines. 
R. F. Leland, Truck & Tractor Courses (Trucks and Ignition). 


The enrollment in the various courses offered is as follows: 


REGULAR COURSES. 


Baro iachimety Sr Nar se 2 os aco tee tole eiees oucteneus Satis a peheg> Jody 12 
Farm Drainage and Land Clearing—F. M. 7.............-. 5 
Power Machimery—= MoS i. ices ss oe eee pn ne ele ly te 0 eee 24 
Cement and Conerete— BMS soi... secs a ste ens «os Nolet 17 
Barm Conyeniences—E’.) ME Gs <6 ni. 21... «see eis al= oiel~ © o> ©. Goapele 21 
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SHORT COURSES. 


Brean eller Ie ANUP ACTORS a tclcls ook) 0.8 sas avelais qelee ee o's cay Ose 
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The variety of work possible to offer has made a number of courses 
necessary, especially to satisfy the short course men. The problem of 
scheduling these courses with limited space and equipment has not been 
an easy one. Our Senior Optional Courses,—Power Machinery, Farm 
Structures, and Farm Drainage and Land Clearing have not had as high 
an enrollment as might be desired, but as this is the first year these 
courses have been given in the senior year, it is felt that the plan will 
be (better understood next year. The plan of holding four tractor courses 
of one month each has brought about the same number of students—100, 
as the two courses of one month each previously given, with a greatly 
reduced teaching force and more effective individual work as well as 
less difficulty in organizing for the use of space and equipment. 

All shop work will be given next year in co-operation with the Engineer- 
ing Division. The razing of the Farm Mechanics Shop and the increase 
in the amount of horseshoeing and repair work by the Farm and Horse 
Department has made it seem desirable to transfer the blacksmith to 
that department, and this has been done. It is perhaps worthy of note 
that 3554 students, the greater majority of whom have been farm boys, 
have had instruction in this building in either Wood or Forge work or 
both. Work in this shop has always been kept closely related to farm 
practice. Many of the short course men taking these courses have con- 
sidered them the most practical for their needs that the College has had 
to offer. The rugged manhood of Instructors Watt (deceased) and Shafer, 
is known and respected in every corner of the State by the men who have 
taken work in this building. 

An attempt was made this year to introduce some land clearing into 
the course in Drainage. This cannot be handled in the most efficient 
way without seeing actual conditions and studying methods somewhat 
in detail from a practical standpoint. 

The equipment of the department is housed in various places about 
the campus. Adequate space where the equipment could be grouped 
with ‘central service and administration, would increase the efficiency 
with which work ican be given. We also need some show space for 
exhibits, representative tools and machinery. Buildings, implements 
‘and machinery with which this department is concerned represents one- 
third of the investment in farms (1920 Census) of Michigan. It would 
‘seem that'a factor in the farm business of the magnitude represented by 
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this investment should have worthy representation in the work of the 
Institution, and a center for these interests in the way of housing which 
can be recognized as such. 

It is perhaps not necessary for me to recite other needs of the depart- 
ment at this time. However, some expansion must come if we are pre- 
pared to do the work which we may be called upon to do. 

The application of farm mechanics to practical conditions usually 
means the solution of a specific problem for an individual. A great deal 
of our time must necessarily be spent this way if we are to keep in touch 
with developments. Also, problems are varied and small in single appli- 
cations but great in the aggregate. 

The reports of this department on Extension and Experiment Station 
work will be found with the reports of these Divisions respectively. 

I am indeed grateful for the support I have been accorded in the de- 
partment and the assistance I have received from other departments. We 
are especially indebted to the Engineering Division for the use of space 
and for assistance rendered through Prof. Dirks in conducting our 
Tractor Courses. 

Yours respectively, 
H. H. MUSSELMAN, 
Professor of Farm Mechanics. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF FORESTRY. 


The President, 
Michigan Agricultural College. 
‘Sir: 


I have the honor to submit the following report for the Department of 
Forestry for the year ending June 30, 1922: 

The work of instruction was carried on during the year as described 
in the college catalog. The increased enrollment of students in forestry 
has necessitated dividing some of the classes into two sections owing to 
limited laboratory space, but it has been possible to arrange these sections 
so that the work could be efficiently handled. No changes were made in 
the personnel of the department during the year. 

The teaching work was as follows: 

Number of Number of 


Classes Students 
ABS HOON... fase Bik whereas Ee vlste Pee eines 9 267 
Pe aah ether eielcunk Sc ataie so ucasks sree eh os oars toe 8 159 
(WAC Greet I fpheicite isicisckel S Gesu aw os Rae wee 8 1389 


The forestry summer school was again held on the lands of the East 
Jordan Lumber Company near Green River, the Company furnishing 
us with the use of much equipment needed to operate the camp. A high 
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quality of work was performed by the students. I wish to take this 
opportunity of expressing our appreciation of the kindness of the East 
Jordan Lumber Company in allowing us the use of their camp and lands 
for this purpose. 

The forest nursery was operated as usual, planting stock to the amount 
of 110,000 trees having been shipped during the year. Thinnings were 
made in many of the forest plantations near the College, and studies 
were made of the rate of growth of the experimental forest plantation 
near Grayling. The maple sugar bush was operated with the usual yield 
of syrup. 

Much work was done in identifying and cataloging the very complete 
collection of woods belonging to the College. Our collection of tropical 
woods is unique and offers an excellent field for graduate study. 

The department has been represented at a considerable number of meet- 
ings throughout the State during the year, and has taken an active part 
in the formulation of a forest policy for the State... There is a constant 
need for an Extension Specialist in Forestry and I hope that it will soon 
again be possible to fill this position. 

Respectfully submitted, 
A. K. CHITTENDEN, 
Professor of Forestry. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF HORTICULTURE. 


To the President: 


Dear Sir: I herewith submit the following report for the Department 
of Horticulture and Landscape Gardening for the year ending July 1, 
1922. 

The personnel of the department during the past year was as follows: 


C. P. Halligan, Professor. 

R. E. Marshall, Associate Professor. 
R. E. Loree, Assistant Professor. 
Thos. Gunson, Assistant Professor. 
N. L. Partridge, Assistant Professor. 


It is a pleasure to report that the classes in Horticulture have shown a 
more earnest and serious attitude toward their work than any of the 
classes since the close of the war. The courses in Horticulture, as out- 
lined in the last catalogue, were offered for the first time during the past 
year. ‘The changes made have permitted a greater degree of flexibility 
in the selection of courses to fit the particular requirements of the stu- 
dent. From the experience of the past year they appear quite satis- 
factory. 

In the development of the work in Horticulture, several more changes 
should be made to meet the growing demands in this line of work. At 
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present a student must elect for specialization, during the junior and 
senior years, either pomology or landscape gardening. New courses 
should be added to give the opportunity for specialization in vegetable 
gardening and floriculture. These industries are both of great economic 
importance in Michigan. As soon as facilities are available, it is also 
desirable to offer courses in horticultural products, to include work in 
canning, drying, the making of fruit juices and otherwise utilizing various 
horticultural crops. 

The courses in landscape gardening at present are largely confined to 
students specializing in this subject. The only course otherwise offered 
is a three credit course in the spring term required of all horticultural 
students. It would seem desirable that all agricultural students should 
take at least one course in this subject to develop their appreciation for 
rural beauty and to learn some of the basic principles of laying out the 
farm home grounds. There is also an increasing demand for extension 
work along this line in directing and promoting the beautifying of rural 
towns and homes. 

Respectfully submitted, 
C. P. HALLIGAN, 
Professor of Horticulture and Landscape Gardening. 
‘East Lansing, Michigan, June 30, 1922. 


REPORT OF FARM MANAGEMENT TEACHING. 


President David Friday, 


Michigan Agricultural College. 
Dear Sir: 

During the year 1921-22 the Farm Management Department gave 
courses to college, federal, and short course men, and also gave a special 
course of lectures at the summer conference of teachers in Smith-Hughes 
high schools. 

Material for ,a course in Farm Organization and Farm Accounting 
has been gathered, organized, and mimeographed for classroom use. 

Material for a high school course in Farm Accounting has been as- 
sembled and arranged in outline form and furnished to high school 
teachers of agriculture. This material was used as a regular basis of 
high school teaching in fifteen high schools and promises to be used in 
about double that number next year. 

Much work was also done with high school teachers of agriculture in 
the matter of handling “home projects” in farm accounting. Under the 
plan of this project, the boy on the thirty-first day of December of his 
junior year in high school, takes an inventory on the home farm. He 
begins keeping financial, feed, and yield records which he continues for 
twelve months, at the end of which time, he takes a closing inventory. 
The year’s records having thus been completed he is ready for his sum- 
marization, which he does in the farm management class during the 
remainder of the senior year. By introducing this work into the high 
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schools of the State, large numbers of our future farmers are trained each 
year in careful business methods, and the use of farm accounts is ale 
in an extensive and efficient way. 

The following is a list of the subjects taught by the Farm Masnaciiene 
Department during 1921-1922 together with the number of students 
taking each subject. 


COLLEGE. 
Number of 
Term Students 

Farm Organization and Farm Accounts... Fall 69 
arm Gusiness; Methods 2.0... 60.0.5 62% Spring 26 
Farm Organization and Farm Accounts... Summer 12 

Site lb Wepre peta att neato woktc sd sw cles ape meen and sie so 107 

FEDERAL MEN, 

Farm Management and Farm Accounting Spring 15 
Co-operation and Marketing........... Spring 25 

aU beh eh Ss Seek wots oN Ral SS ok >, aiht ej gee tate 40 

. SHORT COURSE. 

Co-operation and Marketing........... Falland Winter 3 
PROC TEMS Ke. Sais ad, eee wai. 6 ihe Fall and Winter. 29 
Farm Business Methods .............. Fall and Winter . 4 
iirm Managements. a).25 02 ek. Falland Winter 46 
Accounting Dairy Manufacturing...... Falland Winter 33 
Agricultural Arithmetic... .. 0... 5... .2. Falland Winter 9 
BAY AC CCOUMURIS C5 oie sks ne as con oe Fall and Winter 88 

MANET Ie AE, cet cree oe late. 5, Wb ia totete a ie eh ateeaPAS aPe ales, She 8 248 

Reelednnid MD Liea LY hth hw 32 oes, iho ok MEP EES Ret eee els oui 395 


Respectfully submitted, 
HOWARD M. ELIOT, 
Professor of Farm Management. 


East Lansing, Michigan, June 30, 1922. 
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REPORT OF DEPARTMENT OF POULTRY HUSBANDRY. 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: 


I have the honor to submit the following report of the Department of 
Poultry Husbandry for the year ending June 30, 1922. 

Poultry farming is becoming one of Michigan’s largest and most im- 
portant agricultural industries. Numerous reasons can be given why 
this State is so excellently adapted to this form of specialization, but the 
“hen” is the greatest reason. During periods of depression, such as have 
been recently experienced, the farm and commercial poultry flock con- 
tinued to return a satisfactory profit. Michigan ‘holds a foremost posi- 
tion as a poultry state; the poultry and poultry products of this State 
have an estimated value of approximately forty millions of dollars. 

The Poultry Department of Michigan Agricultural College is not 
functioning to full capacity in promoting this great industry. The de- 
mands for pedigreed cockerels and breeding stock cannot be met because 
the plant is inadequately equipped for the production of high class stock 
in quantity. The egg production standard for the State will continue to 
suffer so long as the combined instruction and extension force is limited 
to three men. The demand for assistance in conducting culling demon- 
strations, poultry certification and demonstration farms by County Agents 
and commercial poultry producers would require least at the services of 
three field men. 

Poultry house plans, numbering approximately 5,000 have been dis- 
tributed showing the construction of a modern building with special 
features of lighting and ventilation incorporated, yet visitors are dis- 
appointed to find the College Poultry Department has no building of this 
design available for inspection. 

A number of changes have occurred in the personnel of the department 
this past year. Upon the resignation of Professor C. H. Burgess, Mr. 
Wilson Newlon was appointed Acting Head, working in this capacity 
until December 1st, 1921, when E. C. Foreman was promoted from Exten- 
sion Specialist to Associate Professor and given charge of the department. 
Mr. Newlon received an appointment as Poultry Extension Specialist 
from California which was accepted and became effective January 1st, 
1922. C. M. Ferguson joined the Extension Staff January 7th, 1922. He 
has had extensive experience in extension work in Ontario and is particu- 
larly well qualified for this position. An aggregate of 320 students have 
been enrolled in the classes for the year ending June 30th, 1922. This 
number includes regular, federal and short course students. Instruction 
to these students was given by Mr. George Davis, Assistant Lecturer, 
myself, and Dr. Chamberlain and Dr. Hallman of the Veterinary Division. 

In addition to instruction given the students the department has a 
large correspondence and further demands are made to do standard and 
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utility judging, attend poultry meetings, organize poultry associations, 
conduct county poultry short courses, demonstrate poultry culling, in 
addition to experimental and regular plant work. 
Respectfully submitted, 
KE. C. FOREMAN, 
Associate Professor of Poultry Husbandry. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE SOILS DEPARTMENT. 


President David Friday, 
‘ College. 
Dear Sir: 


It is with gratification that I present to you for the first time the report 
of the Soils Department. There are several phases of the educational 
work that I desire to bring to your attention. It does not seem possible 
that a student who spends as many hours each week in the class room 
and laboratory, as many of our students do, is able to devote sufficient 
time to original work. In other words he is not thrown upon his own 
resources to a sufficient extent. It is my firm conviction that it is wrong 
pedagogically, as well as uneconomical. We should be able to alleviate 
this condition, however, when the new library building is well stocked 
with proper volumes. 

It is my judgment that the educational or extension work in soils in 
the State is of utmost importance. It is true that there is a tremendous 
shortage in acreage of leguminous crops and also in the production of 
barnyard fertilizers. The latter is largely dependent upon the former, 
whereas the legume situation is due in the main to soil conditions. An- 
other point worthy of consideration is, the superior varieties of grains 
and other crops remain so for a relatively short time when widely dis- 
seminated on unfertile soils. 

We are not in a position to meet satisfactorily many inquiries for 
information along the various lines; in fact, during the past year the 
department has received and examined 1500 samples of soil. It is inter- 
esting to note also that the majority of the samples were sandy in nature. 
It is not possible for us to do much more along extension lines without 
seriously interfering with the researches of the department, and where 
men are engaged to conduct certain projects, it is their duty to do 
so enthusiastically and to the fullest extent of their ability. I do not 
consider therefore that this phase of our work is receiving justifiable 
financial support. The following financial situation may be offered in 
support of this statement: 
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Name. Salary. Expenses. Total. 
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The College was fortunate indeed in having the American Association 
of Soil Survey Workers meet here November 18th and 19th. This meet- 
ing was attended by about fifty workers in soils, representing many 
states extending from California to Delaware, as well as the Canadian 
provinces. 

The Soils Section has a member on the committee for the improvement 
of soil maps, correlative laboratory work of value to soil survey, and 
classification of organic soils respectively. The co-operative soil survey 
work is progressing satisfactorily. We now have an especially strong 
group of men at work in the field. At the close of this mapping season, 
Ontonagon, St. Joseph, Berrien, Kalamazoo and additional counties 
should be completed. 

It is our policy—in fact the Soils Section was organized on this basis— 
to make it possible for each member of the staff to engage in some re- 
search or investigational work part of each year, as well as to encourage 
graduate students. We appreciate fully the necessity of such work for 
the maintenance of a live organization. 

In closing I desire to extend to you the support of the members of the 
Soils Department both individually and collectively. 

Respectfully, 


M. M. McCOOL, 
Professor of Soils. 
East Lansing, Michigan, June 30, 1922. 
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REPORT OF DEPARTMENT OF SPECIAL COURSES. 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: 


I herewith submit the report of the work of the Department of Short 
Courses for the year ending June 30, 1922. 
' The twelve different short courses in agriculture offered by this de- 
partment have been attended by 449 students. A detailed record of the 
various courses is given in the following list: 


Hirst<year €1ght Weeks  COUISE .. 6 6 ae eee we ete See ie D4 
Second year eight weeks’ COUTSE ......... 2.26 e eee e ees 13 
Mimst year sixteen weeks’ COUISE, 02... 6c eee nce s wee 69 
Second year sixteen weeks’ COUISE . 2.6... cae cee tet ees 24 
RIAU as NEES eg oye) ooo skews oon a) oa olla # s/s Wye pa wt ep a «oe 21 
Aine ee Ibe Una HOE MCOUISE 6 stag vies cys ode oe alle oo ae eens esa a © 63 
Cow testing and dairy. barn management ................: 50 
ERG Ue THUMM LGIEESE es foie <'. wicke sie <5 sw 4, e100 6 2 apcyeleie che reine Bi) 
Wat MA NEACCUEES -COULSE cco. eae es ee eles ie wi Sinise ee 32 
LDBIMED? TOE OS CCE eh se oP RE ig a ele era 33 
Ae eae STRESS Nie oe «ous e/i\ eas dic jehel'e, «poke the (oie oe lai wi spa. 7 
LEA GAT SCUVISTHIVES S05 0 tonnes Ror ey Ub Se A er An eee oe EA 5 
Recs Ereaml MaAnwiehUMES” COUTSE: 2.5 5 a0. othe <n Seale jere she side! 22 
So eeetetl COUMSE ce ete el 2c cio derttone del ee te sae ch (crete, sesraie dw Woke yore 18 

BBE: \ Sr. ahd AaAee a voce enede Maca pay cate tis ental wage (atin. te lellactel ef 37%» lose AAD 


Mr. Ashley M. Berridge, Associate Director of Short Courses took entire- 

charge of the work during the period between October 15th and March 
15th. The successful management of these courses and of the short course 
men was due to the untiring efforts of Mr. Berridge. 
_ Besides the regular instructional class work, weekly literary meetings, 
featured by speeches and motion pictures were held, athletics were en- 
couraged and a choral club and an orchestra were organized with the 
short course men. Mr. E. C. Sauve directed the choral club. Miss Delia 
H. Bemis directed the short course orchestra. Mr. Larry Kurtz had charge 
of the basket ball team. The foregoing arrangements were planned in 
order to properly provide for the social and physical needs, as well as the 
strictly educational requirements of the students. 

The annual livestock judging contest was another feature of the past 
year. Mr. Wesley T. McCalla, a first year sixteen weeks’ man was the 
individual high point winner and received the cup offered annually by 
Dean R. 8. Shaw. 

The first annual Creamery and Field men and Operators Short Course 
of one week was scheduled for the first time this year. Its success insures 
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it being an annual feature. The men attending this course were not 
counted in the grand total of short course students. 

The two weeks’ Cow Testing and Dairy Barn Management Course will 
not be offered the coming year. The two, four weeks’ poultry courses will 
in the future be combined into an eight weeks’ course. The Dairy Pro- 
duction and Dairy Manufacture courses are planned to cover a twelve 
weeks period instead of eight, for the coming year. 

The plan of having four 4 week Truck and Tractor Courses instead of 
two, worked out very advantageously. It resulted in greater economy in 
instruction due to the better distribution of time. 

Farmers’ Week, a feature of our short courses, was under the direction 
of Mr. Berridge and was a marked success from all angles. The programs, 
exhibits, parades and shows, were well conducted. The estimated at-. 
tendance during this week was from 5,000 to 5,500 farmers and farmers’ 
wives. The administration, faculty and student body co-operated to make 
this event an institutional rather than a divisional affair. 

The Class Day Program held on March Ist was the closing feature of 
the years’ short course work. Rev. W. W. Diehl and Dean R. S. 
Shaw gave the main addresses. Results of the livestock judging contest 
were announced and prizes awarded at this meeting. 

The annual trip to the International Livestock and Hay and Grain 
Exposition was taken by forty short course men. While in Chicago the 
men also visited the large packing companies, the Grain Exchange and 
other large and notable enterprises. This feature of the short course work 
was well worth while. i 

Most of the short course instructional work was handled by the regular 
instructors and professors of the various departments. The following 
men, however, were paid all or in part from short course funds: 


KE. B. Hill, Director. 
Ashley M. Berridge, Associate Director. 
H. J. Gallagher, Instructor in Farm Mechanics. 
Romaine Walker, Instructor in Wood Shop. 
B. A. Powell, Instructor in Creamery Mechanics. 
k. F. Leland, Instructor in Trucks. 
George A. Getman, Instructor in Gas Engines, 

Respectfully submitted, 

Ki. B. HILL, 
Director. 
East Lansing, Michigan, June 30, 1922. 
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REPORT OF THE DEAN OF ENGINEERING. 


Mr. David Friday, President, 
Michigan Agricultural College. 
Dear Sir: 


I have the honor to present my fifteenth annual report as Dean of 

Engineering. 
PERSONNEL OF DEPARTMENTS. 

Civil Engineering: 

H. K. Vedder, Professor. 

C. L. Allen, Associate Professor. 

C. M. Cade, W. W. Hitchcock, B. K. Phlip, R. G. Saxton, Assistant 
Professors. 

F. A. Gould, Instructor. 

Drawing and Design. 
—Rk. K. Steward, Professor. 

L. N. Field, C. Newman, A. G. Scheele, Associate Professors. 

C. L. Brattin, Miss C. Holt, J. E. Robertson*, J. W. Steward, KE. H. 
Stewart, Assistant Professors. 

Miss E. Butler, O. W. Fairbanks, J. Sas Instructors. 

Electrical Engineering. 

A. R. Sawyer, Professor. 

M. M. Cory, L. S. Foltz, Associate Professors. 

E. E. Kinney, Instructor. 

Mechanical Engineering. 

H. B. Dirks, Professor. 

P. J. Baker, G. W. Hobbs, W. E. Reuling, G. C. Wright, Assistant Pro- 
fessors. 

J. A. Eicher, A. P. Krentel, D. T. Millard, G. J. Posthumus, C. N. Rix, 
B. Sangster, W. L. Watt, Instructors. 

C. Crawford, Assistant. 


Enrollment. 
OFFICIAL FIGURES FOR 1921-22. 
| 
Ch. E. C. E. E. E. M.E. Totals. 

Beare Net N errs cra SOOM che oe shoes 8 26 18 25 77 
RRUIUIOLS Se eras sie ny araicie eo stevslelereyotaciets isle crete iarstavers aha ore 19 25 34 32 110 
SODMOMOLES eres meee ee ee ech Leese 21 45 36 38 140 
NeSH IN Gries cans olaiyreratan'e ea. coja store dno as operates 25 59 70 60 214 

PRGL INEM s sortase Aci eeiston toclromee be nas cede 73 155 158 155 541 


*Half-time. 
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SUMMARY OF OFFICIAL FIGURES FOR 15 YEARS. 


Fresh Soph Junior Senior Totals 
MOO TOR Eire Povee sistacarssctore he a oct ee ee eee: 183 92 63 47 385 
OSS ODEs soe oe Byeeee sisi eaten ees cers wea 186 104 62 58 410 
GOD RTO Pieces create siete te sehcterorevzvene ee st dabei he ia Grote 177 120 74 48 419 
POLO a tie cyae aorss nx co.cc atesctoee Mate e ce cuieinas oe 176 130 76 58 440 
OU Der cinta eatoaie a oa.cle can nae Oe ROE ek eee 132 127 84 58 401 
OTA S Nam om ialet syersuoae sad tree ea ae ee eee ee 146 106 89 53 394 
OTS Aes SRS ee shine co shee Ae eee IGA corer oe 199 123 74 63 459 
TR en tie 3 aes OCPeIAEt SCs aiicins Sorc cinah Ee aoe re 142 126 86 58 412 
NOL UG ahr tre cine ah ehterc ce int othe oo 131 88 83 71 373 
ES ls as Pa aie | er anata Re 127 88 64 68 347 
LOTT TS aie so Saitek Ra Nae Craters on eee 124 78 40 37 299 
LOLS IO re ere htaats aes bee aie aisiies oie a tate 132 57 32 23 245 
DN OND ete nec eveiats ah ota, s ote rate oiece ike a eyeve aioe Ons 223 116 76 51 466 
O20 OU ee castro s oan ee Pee aaa te see SRE 214 150 88 70 522 
Tt hs EOS ae eee ae ee Cee ee ae Dee PD 214 140 aOR 77 541 


From 1907 to 1918, 1851 men enrolled as freshmen in engineering and 
from 1910 to 1921, 687 enrolled as seniors, the ratio of the latter to the 
former number is 37 per cent and measures approximately the average 
persistence of the entrants. The variation is from 18 to 58 per cent; the 
former due to the war “slump” and the latter to the after-war “come-back.” 


COURSES OF STUDY. 


At your suggestion there has been established a course in Engineering 
Administration designed to meet the requirements of students who, in 
addition to a natural aptitude and liking for engineering careers, feel that 
the business phases of the engineering industries have a stronger appeal 
than the technical phases, and who sense in themselves the business, ex- 
ecutive or administrative ability which could be developed by a college 
course not so severely technical as the usual type of engineering course. 

It is believed that the trend of industrial development warrants the 
instruction of a portion of engineering students in the principles of eco- 
nomics, accounting, banking, business law, transportation, statistics, in- 
dustrial management, relations and history, corporation finance, contracts 
and specifications, and business cycles. 

In the new course about 20 per cent of the credits required for gradu- 
ation will be devoted to the subjects listed in the preceding paragraph. 

The technical courses will be modified so as to provide for all engineer- 
ing students the instruction in elements of economics, in the sophomore 
year, before they choose between the technical and engineering adminis- 
tration groups. 

A special bulletin, supplementing the college catalog has been pub- 
lished for the information of prospective students in the new course. 


UNDER DISCUSSION. 


On May 19, 1922, I attended a conference of representatives of the 
engineering schools of Iowa State College, Michigan Agricultural Col- 
lege, Northwestern University, Ohio State University, Purdue Univer- 
sity, Universities of Colorado, Illinois, Iowa, Michigan, Minnesota, Ne- 
braska, North Dakota, Wisconsin and Washington, to discuss the question 
of the desirability of five and six-year engineering courses. 

The unanimous opinion of those present was that it is desirable, “in 
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order to meet the constantly enlarging responsibilities of the engineering 
profession,’ to make “an advance in engineering education” by providing 
“five years of collegiate training for those engineering students whose aim 
is to become qualified to take positions among the creative leaders in the 
profession,” and to this end it was recommended that changes in present 
curricula be made substantially as follows 

1. Remodel the present four year Bialiceniis curricula by substituting 

a substantial proportion of humanistic and fundamental subjects 
in place of an equivalent amount of advanced technical work. It 
is desirable that, so far as possible the curricula in the different 
branches of engineering shall be sufficiently uniform to permit 
students to defer their final choice of a specialty at least to the end 
of the second year. 

2. Add a fifth year of advanced work, mostly or wholly technical, and 

specialized to such an extent as desired. 

3. The first four years of work shall lead to a bachelor’s degree and the 

fifth year to an advanced degree in engineering. 

I agree to the principles above set forth and am supported in this by my 
colleagues on the Engineering Committee, and we are all of the opinion 
that the new courses in Engineering Administration, the establishment of 
which anticipated the Chicago conference, go far in ‘the direction pointed 
out by that conference. 


FUTURE DEVELOPMENTS OF ENGINEERING AT M. A. C. 


In order that the instructional work in engineering be properly stimu- 
lating to teaching staff and students and in order that the College, through 
its engineering departments shall render maximum service to the State 
and to the Nation, it is important and necessary that research work be 
undertaken and consummated by us in certain fields of applied science and 
engineering art relevant to the several lines of instruction offered and 
pertinent to the industrial needs of the times. 

Such work can be initiated and promoted by: 

1. Graduate assistant-ships. 

2. Investigations by members of the staff, so gifted, who should be en- 
encouraged by lightened teaching schedules and the opportunities 
now offered for degree-work. 

. The appointment from time to time of full time research men. 

Specialized rather than all-round teaching duties. 

Organic connections between the College and the State departments 
and with industrial and municipal organizations desiring techncial 
information but lacking facilities for obtaining it. 

6. The establishment of an Engineering Experiment Station. This type 
of organized investigation work is especially appropriate for land 
orant institutions and has already been established in the following 
states with definite annual budgets (as of 1921-22) : 


OUR ge 
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Colorado ie chc4 365 8 lad auc esa Ailes eT EON Cree $10,900 
MMingIs ee PASSE Sep ae SUR eee, Pre eens cee eee ae 93,110 
Mirna aisle 2c. sid sa eG Seika Set Soo eee ee eee ee 25,000 
MOWER fn ta 2ns ahs 0s Wiehe Geel 3" ee a LS ee eee an eee 
Kansas s.iisioie sete tas ee UE Oe a eee enna eee 6,750 
Kentweky 0.8 23052. ser PORNO EL eee Rea en eer ne ; 93,000 
Maryland :; Afsec sin ea itasice aaa eee steele what rete ae 6,500 
Massachisettsie.t.t ints 3/2 (aie LO epee etn eee 75,000 
Missouri aaihiG). fanicttik Diy. Lee Tee ke See 7,500 
IN: Ganolina: eisai xarsiao SE 20EEe eas ae ae e ee eee 1,000: 
ONTO). onto iene re pee Wisi cl athe tie a tease ene Oe ye Se ene 14,800 
Rennsylwamia js las Ads ok 5S Ss AR SOR cone Saseae 8,200 
MBOMMESSEC srs e's clsik 5 ad wicele Gree ave Shetecee teens eos NOR ebe aS en 1,500: 
Reagent ick tod wi. tos CLR Oe ee Es oon ee een 3,000 
SVS THIN G5 aie sw io: « 2-0; oo UOMO NCTE NS Bac AEs ARERR tt a RU Rect cE 1,500 
Vashi otom se. Oe ak, GR a a ee 5,000 
AMVs VIOUS, 2s Soh tees ees St Seo eee eee ie 6,000 
VV ISCONSIN 1), CLARE Se See ee eee ' 5,000 


None of these received Federal funds for engineering research. 
In my first annual report, June 30, 1918, I cited the following: 
“The effect of engineering research is so great in stimulating the activ- 
ities of professors and students, and in maintaining correct ideals with 
reference to all things mechanical, that no state college of engineering 
is to be regarded as performing its full function, which fails to devote a 
portion of its energies to such investigations.’—Dean W. F. M. Goss, 


University of Illinois. 


My colleagues and I are very pleased to feel that the spirit of research 
is to be encouraged at M. A. C., and wish to participate to the fullest 


extent of our abilities and resources. 


In conclusion I express appreciation to the staff and students in engi- 


neering and to the authorities for co-operating in our tasks. 


Respectfully submitted, 
G. W. BISSELL, 
Dean of Engineering. 


Fast Lansing, Michigan, June 30, 1922. 
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REPORT OF THE DEPARTMENT OF CIVIL ENGINEERING. 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: ° 


In spite of many hindrances to effective work, the results achieved dur- 
ing the past year in this department of the College were better than we had 
reason to expect. Presumably on account of reduced College finances our 
teaching staff was cut and the schedule of classes, field-work and labora- 
tories was necessarily carried out with seven instructors as against eight 
for the year before. This situation compelled the suspension of certain 
rules of practice in apportioning the teachers to the requirements 
of the schedule which has been followed for some years past. I believe 
in repeated drill, especially in the field-work which accompanies our 
courses in all kinds of surveying, and this drill should be given under con- 
stant and minute supervision. Experience has shown that an instructor 
can supply the required kind of supervision in the field, only when he 
has assigned to him for a given exercise not more than fifteen students. 
With larger classes in this kind of training the instructor can not ob- 
serve at their first occurrence erroneous methods of performance by the 
students, as he must do if bad habits are to be corrected and avoided. 
Even smaller classes are required for laboratory work in hydraulics. 

The department teaching staff for the year included the names listed 
below inthe order of seniority of appointment. Instructor J. F. Gibbs 
withdrew at the end of the last college year and no one was appointed in 
his place. 


H. K. Vedder, C. E., Professor of Civil Engineering. 

C. M. Cade, C. E., Assistant Professor of Civil Engineering. 

k. G. Saxton, C. E., Assistant Professor of Civil Engineering. 

W. W. Hitchcock, C. E., Assistant Professor of Civil Engineering. 
B. K. Philp, C. E., Assistant Professor of Civil Engineering. 

C. L. Allen, C. E., Associate Professor of Civil Engineering. 

F. A. Gould, C. E., Instructor in Civil Engineering. 


The tabulation which follows will answer all questions with reference 
to the teaching schedule, the number of classes and the attendance 
therein. . 
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CLASS WORK—CIVIL ENGINEERING DEPARTMENT FOR COLLEGE YEAR 1921-1922. 
FALL TERM. 

Number | Number 

Class. Subject. Be of Instructor. hours students 

ss per week. | in Class. 
Sophomores Surveying (Class)................ Chie Mas sale Mire Goulds e-toc 2 16 
Sophomores Surveying (Class)................ COB aye all PEEOrP ent pss o- - eed 2 19 
Sophomores Surveying (Class)......... CORIO ES || Wien (CRG ay dante iz 2 24 
Sophomores Surveying (Class)... P| CAB lars) Moron Oader tes ci bemicetmnee 2 22 
Sophomores Surveying (Class) ye ots heen Cah ae |v Goulden. she cecaser ome 2 23 
Sophomores........ Surveying (Field)................ C. E. la Miry Gotldice oc fits ate eee 2 17 
Sophomores...-.... Surveying (Field),...........:... C. E. la Prof. Hitchcock........... 2 20 
Sophomores........ Surveying (Meld) /.2 00.2 eons - = C. E. la Moral): oy dich cente 2 12 
Sophomores........ Surveying (Field)................ C. E. la Prof. Hitchcock........... 2 11 
Sophomores. ....... Dunveying (Meld) 5. siesre.- ce C: E. la Nilo COGS oe Sap Onabo ar 2 23 
Sophomores........ Surveying (Field)................ C. E. la IMreGronlden’ vr. «om seceeee 2 21 
Sophomores........ Surveying (Class)................ CH ayas| eMirnGould 22.02, 4s. sca 2 21 
Sophomores........ Surveying (Class)...............- C. E. 1b....| Prof. Hiteheock............ 4 29 
Sophomores........ Surveying (Field)................ C. E. 1b Prof. Hitchcock........... 4 21 
Sophomores. ....... Surveying (Field)................ C. E. 1b Prof. Hitchcock, Prof.Saxton}.......... 29 
Juniors MGCHADICH cr rcreeneiemes eters: C. E. 4a ProteAulen. 5-22... saacceker 5 19 
Juniors Mechanics: 5 ages sree San see eee CeWide Seon Mbrokevedderte. + ¢s, eee neo 5 14 
Juniors Mechanics. "ater apne. eee (ORs ORY ee all lego) Elen leh peeegemeoe oon” 5 15 
Juniors IMechanicees:srancctiron cnlteinee Cubs4a)-50. | eeropeauen was. see caeee eee 5 16 
Juniors Mechanics; stets. sees hicsbtens Cy Baa sell RRO ke Od Oren tasreceaeys te 5 18 
Juniors Meaghanicges.ou: sortase oon Ce BsAae eo SErGimbuilpeae pice scceeeee 5 20 
Juniors Adv. Surveying (Class)........... CAB abai | rote Oadonean. tra.) amons 2 27 
Juniors Ady. Surveying (Field)........... COE N6a- Aon brome Cadet cen an tence 4 15 
Juniors Ady. Surveying (Field)........... C. E. 6a Prof. Hitcheock........... 4 12 
UMIBIOLS Fe pelacene yi Dramsvel(Class) aa. eee aoe CUS oan. |berofeaVedders. tnt octet 2 26 
AMIMOT See ee eee eel ena ey (He lG) eee eine acer CP Rat Sheen tbrots Vedders cassis ce cee 4 26 
DENIOLEAE ae. cslow ee ek Surveying Methods (Class)....... Con S2 ses. Profs Bhilpiiss sar. once 3 24 
SiO Geahon ganeene Surveying Methods (Field)....... CREWE. Profeehilps seisn ic coteetner e4 24 
SHO spodondodoce Graphic Statics (Class)........... Co mradhses | Prof. Allense esi tes te eee 2 24 
DSHIOLS seer ules Graphic Statios’(lab:)i;00 26.2 oc] Caaadesenl| Prof Allen 2 cayenne 4 24 
SENIOLS Eye. cye ee wise c Hiydraulicsierasamaen ten acts ee Cone 5 ares Prof SaxtOneen see nome By 24 
PLOTS Me peers carer re Hydraulics erenstec at ee sbs Cn pean robs Saxtoulenseneteciie tee 5 16 
PONIOLS sce ceteris oie ity dranlics tuatactssae mina ee (OO I8t yn ae Protas Cadet trscc eaueht 5 22 
Seniors..........-..| Hydraulic Laboratory............ Cobban jee |PErOp SaxXtOneed eos ee ede 4 12 
SNC tenatoswasoc Hydraulic Laboratory............ CaB wasn lperord saxtolnm snc ane once 4 12 
Seniors Bridge stressesiee. sacee sect bine Con Sae. 5 Gero uveddert aa. <5 o0ts.. cine 3 13 
Seniors Bridgerstressessc piece caer eee e CW Sacra | erotesVied ders aedeeeh cre des 3 11 
Citar es BRS RS eee OM ae Aner eae Lee ct eo ene Sea | heer teen elena. 4's Aco cociO MCh EO C 126 722 
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CLASS WORK—CIVIL ENGINEERING DEPARTMENT FOR COLLEGE YEAR 1921-1922. 
WINTER TERM. 

Number | Number 

Class. Subject. Naber of Instructor. hours students 

‘ per week. | in Class. 
Sophomores........ Sand, Cement & Concrete (Class). .| C. E. 16a...| Prof. Hitchcock........... 2 36 
Sophomores........ Sand, Cement & Concrete (Class). ..| C. E. 16a...| Prof. Allen................ 2 25 
Sophomores. .-..... Sand, Cement & Concrete (Field)...| C. E. 16a...| Prof. Hitchcock, Mr. Gould.. 4 30 
Sophomores........ Sand, Cement & Concrete (Field)...} C. E. 16a...| Prof. Allen, Prof. Cade..... 4 31 
Seniors and Juniors..| Agricultural Engineering......... Cotas. NV SENOR CAO. ota... s0oaas < 3 22 
SEINOIGE Gea Serie a5 Mechanicsvens sate cetaticahe is rac CHA: 3: |p erote Bn penn. alosecsmesid 5 16 
Juniors Mechianitaes 22-2 2..6. action ess CAB 40.5 ..| Prota@adevee asd jcc saa. 5 12 
WONIOPSG oso ea. ics: IMeohanics: ots... 2 saa oooh C. E. 4b....} Prof. Hitcheock............ 5 il 
aMIORS asec o's oie Ml echanrone er foc hereafter CxES4b: =. WWErokaebiiprcse. os esse o- 5 16 
Juniors Meghanigay: sc cfs seiclhes ac: CxRe4b. 2: eProfGadee eee jon er dae 5 15 
ATT GT SS aehe ee Se See MMechaniqn ee sca cate. ce: Ges 40 5-5) Beotnbulluse-e sesso. atc. 5 14 
QIMIGEBY Nec es cic s 2 WeGhabiGa ee ae cmc te ete cok ores C. E. 4b....| Prof. Hitehcock........... 5 13 
FOMMOR Soe et edie =e Sewerage (Class)..............00- CSE 192-0 Mrs Goulder acc ceeeneitnaie 3 16 
WANIOMA Seeokoe cosas: Sewerage (Class)....:..........- C. E. 19.. Mr: Golds gih3-5 ec tockeli ae 3 11 
PUNIOKA sc tose csi Topographic Mapping (Lab.).....| C. E. 7a....] Prof. Vedder.............. 6 14 
NRONORS wet es, Topographic Mapping (Lab.)..... ColeaTae. «| Mr Goulds.- cat cece ate nic 6 14 
TOT Saree rete prc Bridge Analysis & Design (Lab.)...| C. E. 8b....| Prof. Vedder.............. 8 25 
Seniors.............| Masonry and Arches (Class)... ... CosGa: 2. 1GProf: Allen <5. .0he saceniee 2 12 
DOUIGESNe tees tar Masonry and Arches (Class)...... COMER Ga: aes | EEOrecAUleny, <2. ow crtiscre ove 2 13 
SEIN Gly HESS AD eee Masonry and Arches (Lab.).......| C. E. 9a....| Prof. Allen................ 4 12 
DEMOrsae shy: Seo ss: Masonry and Arches (Lab.)....... Cl Ba Gaeecal) Prov, Allens. c-.44¢<n0 571. 4 13 
ONIOrS ee awe e Pavements (Class)............... Cbs al) Profs Saxtoll.cece ooceeecciec 2 il 
DONIOrS arias poeta ce as Pavements (Class)...25......0... CiH 10.23] Prof Saxton... nce cssceee 2 13 
HEMIOLA ey. Tada ate: Water SUDDIY2 = ccpiucisaasei oe aie Cabalsa>.. i) Prof: Saxton. -sseoeee ence 5 17 
HONIOKA Ye ees at State Highway Construction...... Cas20a.. «| Prof Saxton..=.a.sc-e%ere 3 8 
GMOFHY cet 2 cle sice.c,¢ Highway Law............ os Oe ChE 20bee .|) Profs Saxton .. hes seecctie- 2 10 
SEL LMP career Recreate tacaratereva me woe ede aes Mlcvetaba Vrs emecn eased sane satan See areve ethane 102 430 
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CLASS WORK—CIVIL ENGINEERING DEPARTMENT FOR COLLEGE YEARS 1921-1922. 


SPRING TERM. 

Number | Number 

Class. Subject. Sa of Instructor. hours students 

: per week. | in Class. 
Sophomores........ Surveying and Leveling (Class)....] C. E.1c....| Prof. Hitchcock........... 3 16 
Sophomores........ Surveying and Leveling (Class)....}| C. E. 1¢c....| Prof. Hitchcock........... 3 15 
Sophomores........ Surveying and Leveling (Class)....} C. E.1ce....} Prof. Allen................ 3 16 
Sophomores........ Surveying and Leveling (Class)....] C. E. 1¢....] Mr. Gould................ 3 13 
Sophomores........ Surveying and Leveling (Class)....| C. E. le MraGoulds. geese eae 3 14 
Sophomores........ Surveying and Leveling (Class)....| C. E. 1¢ MriGoulds ete ae 3 10 
Sophomores........ Surveying and Leveling (Field)....]| C. E.1¢....}| Mr. Gould................ 4 17 
Sophomores........ Surveying and Leveling (Field)....| C. E.1¢....} Prof. Hitcheock........... 4 13 
Sophomores........ Surveying and Leveling (Field)....}| C. E.1ce....} Prof. Hitcheock:.......... 4 31 
Sophomores........ Surveying and Leveling (Field)....| C. E.1¢....] Mr. Gould................ 4 14 
Sophomores........ Surveying and Leveling (Field)....| C. E. 1¢....} Mr. Gould................ 4 9 
Sophomores........ Adv. Surveying (Class)...........| C.E.6..... Mri Gould 034.50 eee 3 16 
Sophomores........ Adv. Surveying (Class)...........| C.E.6..... Prof; Caderasteucecen ores 3 14 
Sophomores........ Ady. Surveying (Class)........... Canoes. > Profebhilp. se isoos eee 3 13 
Sophomores........ Adv. Surveying (Field)........... (OR eee Prof. Philp, Prof. Cade..... 4 29 
Sophomores........ Adv. Surveying (Field)........... Cann6 22! Prof. Saxton. .oc pence 4 19 
Juniors Strength of Materials Soe 2c r nica | EcOrere nip ce Meee te mrcieeeeyrs 5 20 
Juniors Strength of Materials BlOMe Wea lalemmo eel dnitenemnnocaccacodae 5 8 
Juniors. Strength of Materials. . . E.4c....| Prof. Hitchcock, 5.2.2... - 5 13 
Juniors. Strength of Materials. ” . E. 4e....| Prof. Hitchcock. aoe 5 14 
Juniors. Strength of Materials. . . E. 4c....| Prof. Philp.. 5 14 
Juniors. Strength of Materials. . . E. 4e....| Prof. Cade.. 5 14 
Juniors Strength of Materials PB 4. ob. aibrokeeAllenasere se 5 14 
SUNIOES Sassen AS Railroad Surveying (Class)....... Cea vase Prokasaxtome snes aenciie er oe 3 14 
RININIOTS ose eeeeeene Railroad Surveying (Class)....... Cons os DEXOLCAGeeee ee : nee 3 16 
UNIO‘ 2. We neice Railroad Surveying (Field)....... CORN TA. le brofesaxtone. aay 4 14 
VOMIONS: 1). sas Poe es Railroad Surveying (Field)....... CoB wea Prof. Saxton..... Bac 4 16 
ARTO Besa woe Geaoe Astronomy (Class) s).20-- «225 - C.B.A42 Ss 2) Brof: Vedderse2 1c... awe 2 14 
JUNIOTS. =e pecilon eee Astronomy (Class).........:.-..- Ci El12) eal eProfavVieddert* 2 20=ee as 2 12 
SUNIOTS Se i Sesion Astronomy (Field)............... C. E. 14....| Prof. Vedder, Prof. Philp... 2 14 
JUNIOTS sent eae ae Astronomy (Field)............... C. E. 14....| Prof. Vedder, Prof. Philp... 2 12 
MUDIOLS) 2). stare aiote eek Reinforced Concrete (Class)... ... Cit6bs2|brote Allenteveceescremcet ee 3 25 
MUMIOTS ee aie rie oe Reinforced Concrete (Lab.)....... C2 Ei6bise| (Prom Allens sete eee 4 12 
UNOS eye nie ste eve Reinforced Concrete (Lab.)....... GH T6 bess] SerotwAlien sees er cave sree 4 13 
AUUNOTS eee hvem eee Surveying Methods (Class)....... C2Ei2an-s\eProfs Cadecemas toast sictecis 3 21 
AUUINIOLS eevee carte hes Surveying Methods (Field)....... CC) E2a-2 | morota Cadearercrrtintser «2 4 21 
DENIOLS See ea mete ED DORIS ecrneoiceitec eo soe = CREM se] MBrof-aVedder a carrjcrse.c o's 20 26 
DENIOMS ier cinccitaeers Contracts and Specifications...... Cos 13.9403 erofs Meddersancec- i ertns- 3 37 
SSGDLOS es octet Contracts and Specifications... ... C) B18;,-5.| Profs Vedder pa. cise 3 35 
NEMIONSvce.tela weve ¢ Theory of Structures............. C. E. 21 ProfsAllens-ceecenectiset.. 4 25 
PEMIOLALcotem sy aische Road Construction (Class)........ C. E. 17 Prof axtonepeemerisct le 2 16 
ReMOret tien eietcietenie Road Construction (Field)........ C. EB: 17 Prof: paxton-enwspene eons 6 16 
LOBEL rata esta tyes ar ce oie wee waa coins SINE Cae eee ee ale iam, sani efekeit | Glare sia ators aie ete lorem ner aren 165 615 
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The following text-books have been used in our classes during the year: 
Merriman & Jacoby’s Roofs & Bridges, Vols. I & III; Malcolm’s Graphic 
Statics; Poorman’s Mechanics; Hughes & Safford’s Hydraulics; Hool & 
Johnson’s Concrete Engineers’ Handbook; Blanchard’s American High- 
way Engineers’ Handbook; Harger & Bonney’s Highway Engineer’s Hand- 
book; Turneaure & Russell’s Public Water Supplies; Metcalf & Eddy’s 
American Sewerage Practice, Vol I; Hosmer’s Astronomy; Boyd’s 
Strength of Materials; Searles & Ive’s Field Engineering, with tables; 
Breed & Hosmer’s Surveying, Vols. I & II; Elliott’s Engineering for 
Land Drainage and Tucker’s Contracts in Engineering. 

The total expenditure by the department during the year for all pur- 
poses except salaries has been $4,534.44. During the same period the 
sum of $603.00 has been turned in for class and examination fees. Our 
annual inventory for 1922 shows an aggregate of $21,406.85 as against 
$19,138.95 in 1921. 

Respectfully submitted, 
H. K. VEDDER, 
Professor of Civil Engineering. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF ELECTRICAL 
ENGINEERING. 


President David Friday, 
Michigan Agricultural College. 
Dear President Friday: 


The personnel of this department : 


Professor, A. R. Sawyer, 

Associate Professor, M. M. Cory, 

Associate Professor, L. S. Foltz, 

Instructor, E. E. Kinney, 

Stenographer, Miss Jennie Belle Allan (part. time), 
has remained unchanged from last year—except that Mr. R. D. Wyckoff 
has not been with us. Very little was done with radio study until the 
spring term when two seniors did some work. 

We have now set up a sending station in a room intended for library 
purposes and are doing some experimental sending—hoping to co-operate 
with the many departments of the State in using it. The lack of definite 
information as to what wave length to use, is causing a delay in its use. 
A great day for Michigan Agricultural College will dawn when the de- 
partments actually use broadcasting methods for imparting public in- 
formation. . 

The Engineering Departments of this College can be of very consider- 
able value to the so-called State Departments in technical work, more 
than they have been in the past—with an outlay of relatively little money. 
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This department has been asked to assist the Utilities Commission by 
maintaining a standards laboratory for certifying to the accuracy of 
measuring instruments used by the Public Utilities of the State, the 
Board has authorized their part of it and I hope we may consummate 
this act of co-operation. 

Another matter in which this department can be of service other than 
its regular instruction work, is to maintain a Meterman’s School for sev- 
eral days each year where information can be brought together and given 
out concerning the use of electric meters of all kinds. Many state institu- 
tions do maintain such courses and they are very much appreciated by 
those who patronize them. 

The teaching schedule remains practically the same as last year and 
will not be repeated. 

Yours very truly, 
A. R. SAWYER, 
Professor of Electrical Engineering. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF MECHANICAL 
ENGINEERING. 


Mr. David Friday, President, 
Michigan Agricultural College. 
Dear Sir: 


The following is a report of the work of the Mechanical Engineering 
Department for the year ending June 30th, 1922. 
The personnel of the department at the end of the year was as follows: 


H. B. Dirks, Professor of Mechanical Engineering. 
W. E. Reuling, Assistant Professor. 

G. C. Wright, Assistant Professor. 

G. W. Hobbs, Assistant Professor. 

P. J. Baker, Assistant Professor. 

A. P. Krentel, Foreman of Wood Shop. 

G. J. Posthumus, Instructor in Wood Shop. 

D. T. Millard, Instructor in Wood Shop. 

W. L. Watt, Instructor in Machine Shop. 

C. N. Rix, Instructor in Machine Shop. 

J. A. Eicher, Instructor in Foundry. 

B. ‘Sangster, Instructor in Forge Shop. 

E. C. Crawford, Laboratory Engineer. 

Ray Pearson, Storekeeper. 

Miss Jennie Belle Allan, Stenographer (part time). 


Several changes were made at the end of last year—Mr. G. W. Hobbs, 
a graduate of M. A. C. with the class of 1910, was appointed to fill the 
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vacancy caused by the resignation of Mr. Hewlett. Mr. Hineline, ma- 
chinist, was released in order to decrease the salary budget of the depart- 
ment. The release of the machinist necessitated a decrease in the amount 
of repair work done in the department shops. Such repairs as were abso- 
lutely necessary were made by the instructional staff and student help. 

The Farm Mechanics Department was again given assistance in the 
Truck and Tractor short course. Instruction was given by Mr. Sangster 
in the forge shop, and the equipment of the department was used in the 
courses in Ignition and Lighting, Truck Engines, and Carburetion. 

In the summer school, instruction was given in several machine shop 
courses, sixteen men having been registered in this work. Mr. Wright 
had charge of the courses. 

During the year a switch-board was added to the turbo-generator in the 
Engineering Laboratory, and the board was so wired that connection 
could be made to the power and lighting circuit of the Engineering Build- 
ing. On dark days this equipment was used to decrease the load on the 
main power station. Several pieces of equipment were loaned to the 
department for test purposes, viz:, a gasoline engine driven pumping 
outfit, by the Novo Engine Co., and a water brake dynamometer for 
testing automobile engines by the Reo Motor Car Co. Through the influ- 
ence of one of our students, Mr. R. E. Dunlap, the Globe Mfg Co., of 
Battle Creek, presented the department with a small air compressor, 
such as is used in garages. 

Considerable testing of spokes and wheels was done during the year 
for the Motor Wheel Corporation, and some miscellaneous tests were run 
for the City of Lansing, and various cement block concerns. 

During the year frequent shop visits were made to the Novo Engine 
Co., the Ryan-Bohn Foundry, the Atlas Drop Forge Co., and the Reo 
Motor Car Co., and appreciation is expressed for the courtesies shown 
on these visits. 

I also wish to express my appreciation of the courtesies shown by the 
Novo Engine Co., the New-Way Engine Co., and the Prudden Wheel Co., 
during the investigations conducted by seniors as part of their technical 
work. 

With the exception of the switch-board, the needs expressed last year 
are still present and I earnestly hope that the coming year will relieve 
this condition. 

The optional courses of the senior year were divided as follows: Steam 
Engineering—2 men, Industrial Engineering—18 men. 

I wish to express my appreciation of the work of the various members 
of the department during the past year. 

The teaching schedule for the year is shown in the tables that follow. 

Respectfully submitted, 
HH: B. DIRKS, 
Professor of Mechanical Engineering. 
East Lansing, Michigan, June 30, 1922. 
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TABLE 1.—CLASS WORK OF DEPARTMENT OF MECHANICAL ENGINEERING. 
FALL TERM, 1921. 


; Novor Hrs. per No. of Student 
Class. Subject. Teacher. week each " hrs. per 
Course. student. | Students. died 
Freshmen... .. Elements of Engineering....} 1........ {Mir Bissell: crate cits. seiee 1 199 199 
Freshmen...... | WWood'ShGD. 2.8 oo eee 71; aes Rea Mr. Krentel, Mr. Posthumus.. 4 85 340 
Freshmen..... Horge Chopie saree vane. Od tee Mr Sangster soe. oes. eee 4 100 400 
Juniors. 5-2...| steam Pagimness.). 025.2. . ater: | Mr. Dirks, Mr. Hobbs....... 3 84 252 
DQIIOLS4...0100908 Boilers and Stokers........ Gr oes 1 tpl D Til ie Se Be epee x 3 10 30 
UDIOTS ee ia Engineering Laboratory....| 18a...... { He Eee re Hobbs. an \ 4 103 412 
Seniors........ Engineering Laboratory....| 13d...... { a ote PERT } 8 21 168 
Freshmen...... WoodShop:. 35 Yet Mr. Krentel, Mr. Millard..... 5 133 665 
Sophomores....| Forge Shop........ ne SOADP BETO) -e aioc har eee 4 52 208 
Seniors........ Heat Treatment IBAKEr ese Tito rae eee 5 21 105 
HOPHOMOLess = 4.1] MOUNT. cise nyt io/='emy tee « 5 | UNG) 0 Pee area ee eget 4 60 240 
Freshmen...... Machine Shop...:......... Gleskwes: Mr. Wright, Mr. Rix......... D 70 350 
Juniors........ Machine Snop............. G2iven cece Mr. Wright. Mr. Watt....... 5 33 165 
Sula See oe Machine Shop............. 68a Mrs Wattes23.62.0. see 5 15 75 
Juniors........ DeIMIMAts Weel s ee ea (AP ERG See Mroirks t05. 2 \.to ere ae 2 36 72 
Seniors........ Seminsies ret) o. et he Uae eee Mrsubirks: 2). 2stie eee 2 25 50 
POtals Peestass Sec ce eee cco ec Gacee lee peo | A TEI Fae ics antl bib eae a 1,047 3,731 
TABLE 2.—CLASS WORK OF DEPARTMENT OF MECHANICAL ENGINEERING. 
WINTER TERM, 1922. 

Hrs. per Student 

Class. Subject. No. of Teacher. week each| No. of hrs. per 

Course. student. | students. | week. — 
Seniors........ Industrial Bapeeuient Beal ante toere MrawWright, tener nota ss 7 19 133 
dhiniiireoguerec Gas Engines. . pee he | NDEs snes Mr. Dirks, Mr. Hobbs. ...... 2 79 158 
DUDIOLS: oa 5)-\ 5 Metallitneyas-c scene Alas wore Mri Hobbsss:ssaeecn cere 2 31 62 
Seniors........ Timber Physics............ libie peer Mr Hobbs soe) fen) ire) a 5 12 60 
Juniors........ Engineering Laboratory....| 13b...... Mr Reuling oo ese cncen see 4 103 412 
Seniors........ Heating and Ventilation....| 18a...... MMT Dirks 3b fen ph aes ac 3 23 69 
SENIOISe ee sree Power Station Design...... 18bieee ee Vir Sinks eee ee Sees. oe 7 10 70 
Seniors........ Costs, Accounting, ete..... 18es co 26 MIB issellse eee as 2 2 74 148 
Freshmen...... WoodiShop.2 355) .00 8. SAB Mr. Krentel, Mr. Posthumus. . i 57 285 
Freshmen...... Wood Shop!) 1: eee BP 4ee se Be Mr. Krentel, Mr. Millard... . 5 75 375 
Sophomores....}| Forge Shop............... AD eee Mr. Baker, Mr. Sangster..... - 6 37 222 
Sophomores....] Foundry.................. Hye Sriram Mr. Baker, Mr. Hicher....... 6 34 204 
Freshmen......} Machine Shop............. GIF Seeds: Mr: Rix Mr Watts. cca. ae 5 57 285 
Juniors........} Machine Shop............. 6223, es Mr. Wright, Mr. Watt....... 5 1 5 
Janiors........ Machine Shop............. 63)5 26 Mr. Wright, Mr. Watt....... 5 30 150 
Atrial Gi Bas Actiaial lusiuill Tes pedis (aa an ABR nS (beers MriHobbst.c heed ciion 2 26 52 
Seniors........ DeMminar ee eere ne hew cee oe fabs Mrsabirks nceter ee ose comn 2 25 50 
Ot) 2 A ea te et Od ot A ee UPR Ree RN Oe SRR hin bad Mong Oe 693 2,740 


Class. 


Freshmen..... 
Freshmen... .. 
Seniors... 
Juniors... 
Juniors... 


Seniors........ 


Freshmen...... 
Sophomores... . 


Sophomores. ... 


Freshmen...... 
Juniors........ 
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TABLE 3.—CLASS WORK OF DEPARTMENT OF MECHANICAL ENGINEERING. 
SPRING TERM, 1922. 


Subject. 


Wood Shop...... 
Forge Shop...... 
Factory Design. . ne 
Engineering Laboratory. ae 
Thermodynamics.......... 


Technical Problems........ 


WoadiShopl css... os. o.8 
Morge SHOMN ste eie eee. 


WounGry sey ees. aerate 3 
Machine Shop............. 
Machine Shop............. 
Machine Shop............. 
SemiManess ssa AO cere 
RSPAS TGA od at ts a Ea 


Hrs. per 
a 0. of Teacher. week each 
OUree student. 
Mr. Krentel, Mr. Posthumus 4 
Mrtisarigsten ss aay sctiaate = 4 
Mire Wile it seen eis ance 2 acts 7 
Mr. Reuling, Mr. Hobbs..... 4 
Mr. Dirks, Mr. Hobbs....... 4 
a ae eter cro ans RRS } 
Tr HObvs se eeeete ceoeee.|| | 
hela Mr. Wright.............-.. | 16 
Mra Bakerse-4e cae cee 
Son Ree. Mr. Krentel, Mr. Millard..... 5 
42 Mr. Baker, Mr. Sangster... . 6 
farses Sa Mr. Baker, Mr. Eicher...... 6 
CHAE PARES Mr. Watt, Mr. Rix.........- 5 
G2an shee Mr. Watt, Mr. Wright....... + 
(SP eee Mr. Watt, Mr. Wright....... 4 
71c Mr. W: right Seperate renee 2 
M2Ge oes al ere, DIFERS Scone. een ee 2 


No. of 
students. 


71 


Student 
hrs. per 
week. 


REPORT OF THE DEPARTMENT OF DRAWING AND DESIGN. 


President David Friday, 
Michigan Agricultural College. 


Dear Sir: 


I herewith present to you my sixth annual report as head of the De- 


partment of Drawing and Design for the year ending June 30, 1922. 


The personnel of the department for the college year is given below: 


R. K. Steward, C. E., Professor. 


Chace Newman, Associate Professor. 

L. N. Field, B. M. E., Associate Professor. 
A. G. Scheele, A. M., Associate Professor. . 
J. W. Steward, B. M. E., Assistant Professor. 
Miss C. L. Holt, Assistant Professor. 


E. H. Stewart, B. S. in M. E., Assistant Professor. 


C. L. Brattin, B. M. E., Assistant Professor. 
Justus Rising, M. E., Instructor. 
O. W. Fairbanks, B. S8., Instructor. 


*Miss Edith Butler, Instructor. 


The department has again had an opportunity to work with smaller 
sections and I am convinced that our efficiency is materially increased 
from this fact. 


*On leave fall and winter terms, 
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The freehand drawing work has been elected by more students this 
year and I believe that a real need is being met. With the elective courses 
offered, a girl may receive all the training necessary to prepare her for the 
teaching of art in our Public Schools. 

We have received visitors from other schools this year and their com- 
ments have been very gratifying to us. 

This year the labor in the blue printing room has been handled entirely 
by the teaching force and up to June Ist, a total of 800 hours has been 
consumed. I believe this work should be handled by an expert who would 
be employed on a full time basis. . 

In closing, I have one suggestion to make concerning our grading sys- 
tem. Comparative charts are worked up from time to time showing the 
percentage of A’s, B’s, C’s, D’s, X’s and F’s given by the different depart- 
ments, and I believe a few conyocations for the entire teaching staff to 
discuss the system would lead to more uniform results in the college as 
a whole. 

Again, I wish to express my appreciation for the support which has 
been given me during the past year by the members of the department 
staff. ; 

The following is a teaching schedule of the department. 

Respectfully submitted, 
R. K. STEWARD, 
Professor of Drawing and Design. 
East Lansing, Michigan, June 30, 1922. 
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TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN. 
FALL TERM, 1921. 


Class. Subject. No. Instructor. Hours. Pa 
Freshmen.......... Mechanical Drawing............. Zab-lers ot Ja W oueward sesicast ccakosane 6 22 
Freshmen.......... Mechanical Drawing............. Ba bed ones: | Mire Brathin' .c:s setae cn ee 6 18 
Freshmen.......... Mechanical Drawing............. As bad otc Min. FIBINE <crtknet meade 6 22 
Freshmen........... Mechanical Drawing............. AabAae ol) Je Wis SLOWALA setts come 6 19 
RresHMeON. ;..:0)..<1¢ 25.52 Mechanical Drawing............. Aab-ba. Mins Brattice. aeeaete 6 20 
Freshmen.......... Mechanical Drawing............. 4ab=60 oi) MroRisings. ) os visec) naan 6 20 
Freshmen.......... Mechanical Drawing............. Tegel ia \Weisionc it een ecets aemceee 6 18 
Freshmen.......... Mechanical Drawing............. 4ab-8.0.5 1) Mr. (Hairbanks./..<05 se < secre 6 18 
Freshmen.......... Mechanical Drawing............. Aab-Oirt 3 |\Mine dRistip ss. <acnttos tetas ade 6 18 
Freshmen.......... Mechanical Drawing............. 4a b-tOe i Mires Bra Gtim «src eicts moet Sines te 6 20 
Rreshmen ss... 5.) Mechanical Drawing............. Aabel le. Ads We Steward... ones diiclesone 6 20 
Freshmen Mechanical Drawing............. 4ab-12...| Mr. Fairbanks.............. 6 18 
Freshmen Freehand Drawing............... ba AaiGe Saheelen ss mcs: ctacaderast 10 19 
Freshmen Freehand Drawing Science........| 2la-1.....| Mr. Scheele................. 4 21 
Freshmen. .. Freehand Drawing Science........] 21a-2.....]| Miss Holt.................. 4 28 
Freshmen.......... Freehand Drawing Science........} 2la-3.....| Mr. Scheele................. ; 4 21 
Freshmen.......... Freehand Drawing Science........| 2la-4.....| Miss Holt................... 4 28 
Sophomores......... Deseniptive!Geometry..se. 6. eof) OAL... «| MrvMield nec en ccc 6 15 
Sophomore......... Descriptive Geometry............| 5a-2......| Mr. Stewart..........-..-2. 6 12 
Sophomores......... Descriptive Geometry............ ba-32 hs: Mrs Btewartenj..¢-c-niasioecs 6 16 
Sophomores......... Descriptive Geometry............ Da-40e.<../-\() Miro Risineeete co acctetnckisto: 6 13 
Sophomores........ Deseriptive!Geometryjes.c.). 120... || Oder. | MEL Mieldde. 0 usec: 6 16 
Sophomores........ Descriptive Geometry............ Da-Oiese. «|| Rei Beistewardeans see acces 6 19 
Sophomores........ Descriptive Geometry............ baq0% 2x.-.,|\ Min Stewartesvsavseeen saa ae 6 18 
Sophomores......... Descriptive Geometry............ Da-Ge, a.) Miriiarbankss. ees tececn oe 6 17 
Sophomores........ Freehand Drawing...............| 21b...... Mr: Seheele..:.: <cheee sateen 10 1 
Sophomores........ Hreeltand) Drawing iect.ce2.-s2)|| Lae: - Mr: Scheele’... <5: sas e008 10 4 
Juniors...........-.] House Architecture.............. boo roan R. K. Steward 6 19 

i Shades and Shadows............. teoae oie Mr. Newman 6 12 
Shades and Shadows............. d-2De oe ae Mr. Newm: 6 13 

GIN EMAIGH Swen oreo e eer aieck aie 6e-4a..... Mr. Field, A 16 

(Kinematics erp tera aie). 5 6c-4b....| Mr. Field 4 15 

Adv. Freehand Drawing.......... Ipyris..- Mr. Scheele. . 6 5 

Mistoryior Arta. yee tates x DD cheaniere Miss Holt 3 9 

Mechanical Drawing (Ags.)....... SDM ets Mr. Newman 6 12 

Freehand Drawing............... TESS Baa Mr. Scheele 4 7 

Freehand and Mech. Drawing.....| 1c....... Mr. Newman 10 10 

INGEN, clomhtcaie. Soe aio cin POO REELS AE Oe ee ee | mpeaeeyars eisust | TOS UL RL GOTO MOSES Oe ACEO on lane ante 599 
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TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN, 
WINTER TERM, 1922. 
7 No. of 
Class. Subject. No. Instructor. Hours. anelente 

Freshmen.'......... Machine Design 16a-1....| Mr. Fairbanks.............. 8 11 
Freshmen..........} Machine Design 16a=2) ee Mirebrattiiee seem ee 8 il 
Freshmen.......... Machine Design 16a-dsc<| Sa Waimtewarduees. sees eee 8 11 
Freshmen.......... Machine Design 169-42 25 Mrohairbanks? 5 euse ae 8 23 
Freshmen.......... Machine Design 1Ga-025 2%) ee Weoteward soe: soem 8 20 
Freshmen......... Machine Desioni-: cs eseaesescr. 16a=6.5..4| iMnoRisingt eo eee ae 8 20 
Mreshmen)tsces.acter-. Machine Design.............-.- 16aste2:< (Jo Wi steward-s .2-. teem 8 16 
Freshmen.......... Machine Designen ss sn - sce les 168-8) 0)| irs Rising 95 an ee ee 8 14 
Freshmen.......... Machine Design.i2a0. 2 osoee ees 163-955 &2]) MrsNewman. Soest 8 14 
Freshmen.......... Machine Design....2....-7..-.::: 16a-10...| Mr. Newman..............:. 8 20 
Freshmen.......... Machine Design....°............. 16a-11 Mr. Meld i5.. 20). steers 8 16 
Hreshmeney sec “ne Machine Design....0..2......... 1Gast2e 6 Mir. Hainbankss: eee 8 19 
‘Hreshmeniy.2 +. s....- Freehand Drawing............... thee Mr:'Scheele 4) ae oe 10 19 
Breshmen..........- Breehand+Drawine sees ernie sie 2la-1 Mr.Scheele is. see 4 14 
Freshmen..:....... Freehand Drawing............... 2la-2 Mr-iScheele sae ees. eee 4 2 
Sophomores......... Descriptive Geometry............| 5b-1 Mriistewartecce cacao 5 12 
Sophomores........ Descriptive Geometry............ 5b-2 R. K. Steward, Mr. Rising.... 5 13 
Sophomores........ Descriptive Geometry............ 5b-3 E. H. Stewartec5. eee ere 5 14 
Sophemores......... Descriptive Geometry............ be... R. Ko Steward sek eee eens 5 14 
Sophomores........ Descriptive Geometry............ bao aves R. K. Steward, J. Rising..... 5 13 
Sophomores........ Descriptive Geometry............ 5 15 
Sophomores........ Descriptive Geometry............ 5 14 
Sophomores........ Descriptive Geometry............ 5 20 
Sophomores........ Freehand Drawing............... 10 6 
Sophomores........ Freehand Drawing............... 10 1 
UNIONSS cbs ese ee Lachine Desizni semen cn ene eee Helder aoe eis 3 Hf, 
JUNLONSs ease ee «| Machine’ Designee,eee seni ene Pr. BrathlDee eee nen ae 3 17 
NMMIOSsce tees en | pMachine: Desipnaenei tern a = Wield eae eas ek ees 3 14 
MNOS See eee ell EL aGhine WD esipn eee nat seen eee , eld Reese Re Ne 3 14 
UNIONS enters ws Ady. Drawing and Color......... s checleee: we ite See 6 8 
Juniors and Seniors..| Freehand and Mechanical Drawing] 2c....... Miss Holt, Mr. Newman..... 10 10 
DENIONS) aes ace Machine Design................- Gio. 367 Mr Brathinitesgas ene 6 18 
Seniors.............| Adv. Drawing and Color......... 1 eye reel Mr:/Scheclems sere anaes 4 6 
SeMOrs. eee « History ofAntics .- Serene seece ne 262A Miss Holt: juss once fee are 3 26 

DICE. CHAAR Doak: ete eI eae ar ee er ler Ana e eal ee oso biGvaddcobncuacopod| |hccocueedda 482 
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- TEACHING SCHEDULE DEPARTMENT OF DRAWING AND DESIGN. 
: SPRING TERM, 1922. 

Class. Subject. No. Instructor. Hours. pay 
Freshmen.......... Machine Design................. T6D=W er OWA OLE WALGs.\aecsete aden 8 18 
Breshmen: 22 :...2 55: Machine Designers « - acee sists U6 b=25 | in EVIsIOe Macao inet ce 8 20 
Freshmen.......... Machine Design................. 1G Dacacerel ee Vursp era Gels ee eters stares 8 15 
Freshmen.......... Machine Designii. .dic 6c css sate 16b-4 Miss Stewantst ais. ctdce sets 8 16 
Freshmen.......... MachinetDesign. jc. ss. 20-05. 16b-5 IM SRABIN Gon sseaes taken close: 8 16 
reshmens ..s.c02-. Machines) eal etiye sevcarete slots iare' si 16b-6 MriiNewman' sic... veces os 8 13 
Freshmen.......... Machine Design................. 16b-7 MruiStewatterse tach aetisesces 8 14 
Freshmen.......... Machine Design.................. 16b-8 Mr Rairbanks? 3. esc. ise..: 8 13 
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Freshmen.......... Machine Design................. 16b-10 Mire Brattinhencct oe een alee 8 12 
Freshmen.......... Machine Design................. 16b-11 Je Weistewardens.-senfis igen: 8 15 
Freshmen.......... Machine Design................. 16b-12 Mie WRairbankse.s2)csc0 .<s oxc0% 8 14 
Freshmen.......... Freehand Drawing............... 21a-1 Mra Scheeleven cece ecto stein sect 4 23 
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HeNIOTs sae ect History of American Art......... ois eee INNIS HELOLGM ee ae etait eee 3 20 
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REPORT OF THE DEAN OF HOME ECONOMICS. 


President David Friday, 
Michigan Agricultural College. 
My dear President Friday: 


I have the honor to present the following report of the Division of 
Home Economics for the fiscal year ending June 30, 1922: 


PERSONNEL OF DIVISION. 


Mary E. Sweeny, Dean. 

Anna E. Bayha, Associate Professor. 
Louise I. Clemens, Assistant Professor. 
Emma P. Garrison, Assistant Professor. 
Winifred 8. Gettemy, Associate Professor. 
Rebekah M. Gibbons, Associate Professor. 
Helen R. Goodrich, Associate Professor. 
Irma H. Gross, Instructor. 

Osee Hughes, Assistant Professor. 

May Person Kirby, Assistant Professor and Assistant to the Dean. 
Avis L. Sprague, Assistant Professor. 
Ethel Taft, Instructor. 

Marion L. Tucker, Associate Professor. 
Lola G. Yerkes, Associate Professor. 

Jule F. Nelson, Instructor. 

Sylvia Borgman, Instructor. 

Dorothy Shank, Assistant Professor. 


STUDENT ENROLLMENT. 


The total enrollment for the year 1921-22 was 528, showing an increase 
of 24% over the preceding year, the matriculation in the freshman class 
having increased 31% and in the summer school 80% over the previous 
record. The enrollment by classes was: 


SETHE fick eeu eet ete ait, ass «Serre a teieae iS 
AP UDEOT 35 diseis OR ee oecus bod ARR ee 83 
SOTOMpOre’ .heiays iets wacker slate a vey ute ieueate 94 
PpSSMAMNEN » vez. Cees ena SNe earn, Teoeeatns eereea 177 
PDO CLE LS so te selene NGS ies aiats erate tees eo eo Fos: 
Summer School 0 Gin eck a welts iets ae eee 96 

528 


The work of the students showed definite improvement in standard and 
in seriousness of purpose, as evidenced by the fact that only 4.9% of the 
total enrollment were requested to leave college on account of unsatis- 
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factory scholarship. Fifty per cent of these withdrawals were among 
the freshmen and thirty-three per cent among sophomores. 


INSTRUCTIONAL FORCE. 


Misses Minerva Fouts and Florence Stoll resigned and were married 
during the summer. Miss Cecil Van Steenburg resigned to follow grad- 
uate study, and Miss Hilda Faust and Louise Clemens were granted 
leave of absence for part of the year for further study. The following 
appointments were made: 


Emma Garrison, B. 8. Columbia: Assistant Professor of Home Eco- 
nomics. 

Rebekah Gibbons, M. Sc. Pennsylvania State College: Associate Pro- 
fessor of Home Economics. 

Irma Gross, B. Sc., Chicago University: Instructor, 

Lola Yerkes, B. Sc., Columbia University: Associate Professor. 

Dorothy Shank, B. Sc., Columbia University: Assistant Professor. 

Jule Nelson, B. Sc. Purdue University : Instructor. 

Marion Tucker, B. Sc. Columbia University: Associate Professor. 

Sylvia Borgman, B. Se. Minnesota: Instructor. 

Mrs. May Person Kirby: Asked to take the duties of Assistant to the 
Dean. 


COURSE OF STUDY. 


Beginning with the opening of the college year the revised course of 
study became operative and it has far exceeded all expectations in the 
results accomplished. The students have expressed great satisfaction be- 
cause of the freedom it gave for electing subjects in which they were 
especially interested, and for specializing in the varied lines of home 
economics work. 

The Home Economics faculty has found that the revised course gives 
opportunity to present individual courses in a much more comprehensive 
manner and to raise definitely the requirement for the students. The 
teaching staffs in other divisions have expressed themselves as delighted 
with the possibility it affords for a wider election in their subjects and 
have observed that the young women are showing a keener interest in 
their respective subjects than before; and now that further pursuit of a 
subject is left with the student a broader type of college work will be 
voluntarily taken. 


DEVELOPMENT OF THE WORK OF THE DIVISION. 


BROADENING OF COURSES ALREADY OFFERED. 


Fundamental courses have been strengthened and thirty per cent of 
the time formerly given to laboratory work was devoted to lectures, re- 
ports and discussions. 

All field work begun spring term last year has been broadened and 
strengthened : 

The problems in nutrition (H. EF. 12a, b, and ¢), carried on as part of 
advanced dietetics last year, was offered this year as an elective course 
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for all students but Food Majors, and as a required subject for them, 
with the possibility of doing a year’s work in this field if desired. Last 
year it was an experiment both on the part of the College and the public 
school. However, the successful completion of two terms work warranted 
its incorporation as a permanent feature of ‘the city schools’ educational 
program and proved to the Home Economics Division that it was a type 
of field work with genuine educational values. The Division secured the 
active cooperation of (1) the Lansing Board of Health, which met part 
of the expense, furnishing careful medical examination of all children, 
and supplied school nurses to assist in following up children in nutrition 
classes; (2) the Board of Education and the Superintendent of Schools 
who not only furnished the scales but met a portion of the expense in- 
curred and arranged for a place in the schools’ daily schedule for the 
nutritional instruction. These boards, with the Home Economics students 
under the direction of Mrs. May Person Kirby, undertook a fundamental 
experiment in health education. 

The primary value to the students of the year’s work in Problems of 
Nutrition was (1) to give them a social point of view, an appreciation of 
different economic levels which exist and how home economics should fune- 
tion in these levels; (2) an opportunity to observe first hand the direct 
effect of improper feeding and (8) to teach them to assume and carry the 
responsibility for a definite piece of educational work. The instruction of 
the school children was planned and given by the students in the schools, 
and was followed up by home visiting. This field practice offered the stu- 
dent an opportunity to take an active part in a real educational organiza- 
tion, to study the normal recation of children to new types of instruction, 
to apply the theories of psychology, to develop a method of health instrue- 
tion which would demonstrate to the school children the relation between 
food and health and themselves, and to observe the effect upon the family 
health of the expenditure of the family income. 

The result achieved with the school children was to give (1) an under- 
standing of the relation of health habits (food, sleep, fresh air) on the 
‘growth and development of their bodies, (2) a keen interest in their health 
as expressed by their weight and appearance and (3) to insure a family 
interest in the proper food and health habits. 


GENERAL STATISTICAL DATA. 


Number of children handled in nutrition classes: 444. 


Number handled in small groups ..............00% 305 
Number handled by schoolrooms ................. 164 
539 
Less duplication -.<rjreckis. <P etm eat weenie 95 
444 


Percentage of gain in excess of normal: 
Children handled in small groups ............ 51.4% 
Children handled by schoolrooms ............ 43.6% 
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Comparison of calls per hundred children for city nurses in two public 
schools of Lansing having similar home conditions: 


Franklin Walnut 
1 Us 2 I ee Ue Oe ei 28 86 
ARNG eS I SO ee ee 18 72 
Decrease in No. of calls over preced- 
TEOVEAT Ora etc swt aol cies «cs = 357% 16% 


Franklin Avenue School had milk lunches in 1920-1921, and milk 
lunches and intensive instruction in 1921-1922; Walnut School had neither 
lunches nor instruction in 1920-1921, and milk lunches but no instruction 
in 1921-1922. No other contributing factors were reported by the City 
Department of Health. 

A complete report of this work is appended. 

The Home Care of the Sick (H. EB. 30): was broadened both in*the con- 
tent of the course and its application. The laboratory was conducted in 
the bedrooms of the Home Economics Practice House where actual home 
conditions existed and in as many cases as possible human beings were 
used as subjects in practicing the principles of home nursing. The Di- 
vision was fortunate in securing the services of Mrs. Harry Person, 
formerly Superintendent of the Polyclinic Hospital of Chicago, to whose 
technical knowledge of general and bedside nursing the success of the 
course is due. 

Clothing (H. E. 50a): Students entering the freshman class fall into 
two general groups—those who have had several years work in Home 
Economies in the high school and those who have had no training. Such 
a difference in the preparation of students makes a real problem in the 
type of instruction and standards which could be demanded in the class 
room. The class was divided upon a basis of preparation and those 
having had previous training were given the problem of constructing 
children’s clothes. Children from the faculty families were brought in, 
all types of children’s clothes were designed, patterns drafted and the 
clothes made. Study of the commercial patterns for children showed 
that great numbers of them placed the weight of the garment at the wrong 
place on ‘the child’s body, taxing certain muscles, and that buttons were 
placed on the garment where the child could not fasten them. These, with 
many other hygienic aspects of clothing, were made a foundation of the 
study of its construction in this course. 

Institutional Management (H. E. 20 and 21) : The growth and develop- 
ment during the present college year of the work in institutional manage- 
ment has been rapid and exceptionally satisfactory. Last year the 
beginnings were made in institutional management, the work consisting 
largely of class instruction in laboratory and lecture and limited partici- 
pation in the management of the Bast Lansing High School lunch. The 
Home Economics Division has run the East Lansing High School lunch 
room from January through June by classes in advanced institutional 
management, classified in the catalog as H. E. 21. The students have 
‘done all the buying, prepared all the food, made out the menus, handled 
‘all monies, paid all bills, kept all accounts under careful supervision. 
‘The students have obtained from this course the knowledge of what it 
means to run a lunch room and have obtained some experience in that 
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kind of work which a large proportion of them meet in their teaching 
positions. 

We believe this opportunity for actual experience in running lunch 
rooms is most important and should be continued. The project has netted 
$124.00 profit to the High School authorities and we have the approval 
of the authorities upon the way in which the course has been handled and 
the results obtained. 

Woman's Commons: The college club known as C was, upon recom- 
mendation of the president, Dean Eudora Savage and the Board of Agri- 
culture, placed under the direct supervision of the Home Economics Di- 
vision in September 1921. Previous to this time no organic relation had 
been maintained between the Club C and the House Economics Division. 
The Division asked the change of name to Woman’s Commons as similar 
organizations are designated in other institutions. 

The expense of running the Commons as a dining room for women stu- 
dents has been borne by the College; that is, no rent, light, gas, or general 
overhead had been remitted to the College by the management, but had 
been paid by college funds. The Home Economics Division assumed com- 
plete responsibility for all expenses, including all overhead and service. 
There were no monies given the Commons with which to start the school 
year. At the end of the year, the Woman’s Commons had paid to M. A. C. 
$1200 for rent and had met all expenses incurred. (See financial report). 
The Commons has also paid the salaries of Miss Nelson and Miss Borg- 
man, and part of the salary of Miss Sprague. 

In taking over Club C the Home Economics Division determined 
that its primary function was to provide clean, wholesome, properly 
chosen food for the women students, at a reasonable rate; that its sec- 
ondary functions were to (1) put into practice home economics stand- 
ards of food habits and theory; to include instruction in proper social 
behavior at meals; to introduce a type of service worthy of the dignity of 
a college dining room: and (2) provide a laboratory for instruction in 
Institutional Management. 

A regular staff of help consisting of four cooks and twenty-five student 
waiters has been maintained during the year. The menus have been 
planned around the work which the Institutional classes have been able 
to do; that is, the method has been to use in the Commons the food 
products which the Institutional classes (H. E. 20) prepared. At no 
time, however, has the welfare or standards of food service been allowed 
to suffer because of the uncertainty of student production of food. 

The Woman’s Commons, being a new project, has met all the difficul- 
ties which any new piece of work is sure to encounter, not the least of 
which was the age of the equipment. There was only one electrical device 
in the kitchen, that being the dish-washer. In the fall term, when three 
hundred students per meal were fed, the shortage of equipment was a 
great hindrance, and the lack of understanding of the real purpose and 
function of the Commons was not clear to students; there was the usual 
human dissatisfaction when the food to which one is accustomed is 

changed, and there is offered a properly balanced ration. Ss 

“At the beginning of the college year, salads and vegetables were dis- 
liked by most of the students and a large percentage served was uneaten 
at the end of the meals. In the spring term, a tremendous change was 
noticeable aud students invariably consumed all vegetables and salads 
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which were served. Numerous girls have spoken of the fact that they 
had learned to eat and like vegetables and salads which, when they came 
to the Commons, they would not touch. Undoubtedly, one of the outstand- 
ing achievements of the Commons has been that it has actually made the 
students see that their food theories and food habits function in their 
lives. 

The menus served in the Commons have been studied by the classes in 
dietetics and criticized by students and professor for dietetic correctness, 
insuring this means of further educating the student to their value. 

In the food classes, the girls recorded a two weeks’ dietary of their 
own consumption. About half of these girls ate in the Commons and half 
outside. In every case, the girls eating at the Commons showed better 
chosen, higher caloried, and more satisfactory dietaries than the girls 
who ate outside. 

The Commons management has maintained during the entire year the 
friendliest relationship with all its employees. Our endeavor has been to 
pay good wages to our help, believing that help so paid will co-operate in 
improving conditions. The fact that all of the student help have asked 
to return and that the regular staff has been practically the same through 
the whole year, demonstrates the value of such principles. 

The results obtained financially prove the value of a trained manage- 
ment. $1905.00 has been spent in new equipment (for items see detailed 
report appended) ; $3300.00 is on deposit to the savings account of the 
Woman’s Commons (account with J. Schepers, Treasurer, M. A. C.) and 
an inventory of supplies on hand at the close of the college year (June 
23rd) of $1835.13. This, in view of the fact that the average rate of board 
was $4.70 per week, the lowest rate quoted ‘by any state institution of 
equal rank to M. A. C., illustrates what proper institutional management 
can accomplish with sufficient authority to insure the proper distribu- 
tion of the funds. 

The fact that the Commons has, as all good sound business organiza- 
tions must have, a considerable fund at the end of the year is to its credit 
and an index of its real success. If the Commons continues from year to 
year, the desirability and necessity of having this reserve fund would be 
apparent to all familiar with sound business principles. 

Home Economics Education: The methods of teaching Home Econom- 
ies given as a part of the preparation for the teacher training has been 
broadened and strengthened in content. The practice teaching has been 
conducted in the East Lansing High School and Haslett Consolidated 
School. Opportunity for teaching Foods and Clothing in the 7th and 8th 
erades was made possible and these classes met five times a week instead 
of three, as formerly. Each student taught a minimum of thirty lessons, 
half in foods and half in clothing. 


NEW WORK UNDERTAKEN. 


A number of courses which became a part of the curriculum when the 
revised course of study was approved by the general faculty and author- 
ized by the State Board, have offered opportunity for valuable training 
to the student in field work and to the College for co- operation with a num- 
ber of institutions and organizations with -whie h it is fundamentally 
allied. 
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Field Work in Social Service (H. E. 13a, 6, ¢): Through a co-opera-~ 
tive project with the Social Service Bureau of Lansing, it has been pos- 
sible this year for a limited number of senior Home Economics students 
to have the advantage of field work under the supervision of the director 
and staff of that organization. 

The course has consisted of one lecture per week, given by the director 
of the Social Service Bureau, and of four hours of field work per week, 
with individual conferences regarding field work. 

The object of the course was not primarily to train M. A. C. students 
to become social workers, although a few of those who enrolled in the 
course have such positions. The primary object was to socialize the point 
of view of the Home Economics trained woman, broadening her contacts 
and helping her to see the possibilities and responsibilities which lie 
before a woman with her training. 

Nutrition Problems in Hospitals (H. EH. 14a, b, c): This course was 
begun in the spring of 1921, when co-operation was established with the 
superintendent of Sparrow Hospital and students were permitted to work 
in the diet kitchen of the hospital under the direction of the hospital staff. 
During the present college year twenty per cent of the senior class have 
availed themselves of this opportunity to become acquainted with the 
nutrition problems in the hospital and to secure preliminary training as 
hospital dietitians. They have acquired knowledge and appreciation of 
the institutional problem involved in furnishing diets to patients, of the 
medical and nursing problem involved in nourishing the sick, and of the 
function of the dietitian in the general organization of such institutions. 
They have had actual practice in preparation of trays for patients and 
opportunity to observe the patient’s reaction to food, problem of serving 
both from diet kitchen and from floor kitchens and wards of the hospital, 
preparation of special diets for nursing mothers, very young babies, 
operative cases and dietetic disorders, such as diabetes and nephritis. In 
addition they have assisted in the planning for meals of the medical staff, 
nurses and employees, the buying of all food supplies and the operating 
of the laundry. 

In further co-operation with the board of directors of Sparrow Hos- 
pital, the senior class of nurses has come to the College one day per week 
for laboratory instruction in Dietetics. This instruction was given by a 
student enrolled in H. KE. 18, under the supervision of the professor in 
nutrition; lectures in the same subject were given to the nurses at the 
hospital. This co-operative arrangement was most beneficial, both ‘to 
the hospital and to the Home Economics Division. 

The thorough character of the work and its successful application is 
due in no small measure to the tireless effort of Mrs. Harry Person and 
Miss Rebekah Gibbons, and to the smypathy and understanding of the 
hospital board and staff. 

Special Investigations in Nutrition (H. B.15): The students did either 
experimental animal work or, in co-operation with the Social Service 
Bureau, worked with city families in which there were distinct nutrition 
problems. Sometimes the work consisted in planning and supervising a 
revision of the food expenditure in cases where the income was sufficient 
if expert. knowledge was available, but insufficient without it. In cases 
‘where the help of the city or some other agency was necessary, the amount 
of food required was decided and recommendations made for this aid 
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to the proper authority. Two of the girls made a study of the children 
at the Social Center and then prepared weekly menus for them, also 
serving the supper to the children each week on the cook’s day off. 

The Home Economics Practice House: In September 1921 the Alumnae 
Council placed in the hands of the Dean of the Division $1,019, to be spent 
under her direction in furnishing a house, No. 9 Faculty Row, given to the 
Division for use as a Practice House. A co-operative committee from the 
Alumnae Council, a group of eight senior students resident in the Prac- 
tice House, and a committee from the Home Hconomies faculty, formed a 
joint committee to recommend the purchases which should be made. The 
students were assigned the problem of surveying the most urgent needs 
for furnishings, of investigating prices and of recommending purchases to 
the other committees. This was valuable training for them in the hand- 
ling of money, development of business standards, choice of furnishings, 
application of principles of house furnishing, textiles and applied design. 

A few articles of furniture had at different times been purchased by 
the Alumnae, looking forward to the establishment of a practice house, 
and were temporarily placed in the Senior House. By order of Dean 
Shaw, acting president, these were transferred to the Practice House, 
together with such dining room and kitchen equipment as were owned 
by Club H (which was no longer functioning). 

Within the Practice House a home life was maintained with a family 
of eight senior students and a resident instructor of the Home Economics 
faculty. All food was selected, purchased and prepared by students 
under direction. Weekly, an amount agreed upon was paid into house 
funds by the students; this money was spent and all accounts kept by 
them. The problem was one of applying principles of scientific manage- 
ment to routine of the home, of applying business methods to family ex- 
penditures, of applying the theory of nutrition, food preparation, textiles, 
to the actual everyday living under conditions simulating those of a 
normal home. Much was achieved in the six weeks’ residence of the 
students in re-interpreting to them the social, ethical, and moral respon- 
sibility of the home. Within the year not all that should ultimately be 
accomplished by such a course was attained, but a significant beginning 
was made, which, with development, should prove of enduring value to the 
College, the Division, and the students. 

Home Care of the Child (H. E. 34): This course was offered for the 
fall and spring terms at the College. It was primarily planned to be 
carried out in co-operation with the Merrill-Palmer School, but the de- 
mand was so pressing upon the part of the students that it was given 
on the campus also. 

The co-operation of local physicians, nurses, specialists in child psychol- 
ogy, and child feeding was secured and participation in the courses 
Shared. Laboratory instruction was given in child feeding, child care 
and hygiene, treatment of children’s diseases, and students were assigned 
either groups of children to make a special study of and report, or were 
assigned to families to‘spend four hours weekly in the care and study 
of the children of the household. During the spring term an intensive 
study was made of the children in the Social Center, who come from 
disabled homes, and the effect of environment upon the normal develop- 
ment of the child. 

Development of Home Economics (H. E. 49): Beginning with this 
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year’s freshman class, all students were required to take a course of lec- 
tures given by the dean of the division, dealing with the Development of 
Home Economics. The purpose of this course was to acquaint freshmen 
with the character of Home Economics as a profession, the opportunities 
for service afforded and the types of specialization offered. Heads of 
departments in the sciences (pure and social), English and language, art, 
and education were asked to address the class upon the relation of their 
subject to Home Economics. The State Leader of Home Demonstration, 
representatives from Public Health Nursing, Board of Health, Social 
Service Bureau, Tuberculosis Association, were invited to discuss with 
the students the relation of their profession or organization to Home 
Economics. The results obtained were a broader vision of Home Eco- 
nomics itself, of its relation to other professions, an understanding of 
the reason for requiring pure and social sciences, and the fundamental 
need in every day living for scientific knowledge of nutrition, hygiene, 
and sanitation. 

A New Undertaking in Institutional Management: In February, 
1922, the Home Economics Division assumed control of the Flower 
Pot Tea Room. This was particularly desired as a_ laboratory 
for students to give institutional training in tea room work. A trained 
‘instructor was employed as manager of the tea room and students were 
put in to do all parts of necessary work. Here the students obtain the 
view point of institutional management as a whole. They are able to 
do this more easily because of the smaller size of the tea room compared 
with the size of an organization such as the Woman’s Commons. 

In the Flower Pot, the students have had the additional problem of 
management to make a profit, which has not been any part of the training 
offered in the Woman’s Commons. The tea room offers the additional 
opportunity of meeting the public face to face and finding out what the 
public wants, how it wants it, and the difficulties which must be met. 

There was turned over to the Alumnae Council $465.00 in cash and 
$175.00 paid for debts incurred previous to our assuming control of the 
Flower Pot, which indicates the possibility of making a legitimate profit 
through organizations of this kind. 

The field work in clothing has been no less significant and far-reaching 
than that in food and nutrition. 

Clothing Problems (H. #. 54): This course involved a careful study of 
children’s clothing in relation to health, personal comfort, cost, care, color, 
design, choice of material, convenience in manipulation, and a child’s 
reaction to these. An investigation was made of the needs and problems 
in children’s clothing and of the garments on the market. Some gar- 
ments have been made which we feel are an approach to an ideal wardrobe 
for a child. This study revealed that the ready-made garments were not 
adequate in many respects, nor were the commercial patterns used by 
mothers for home-made garments entirely satisfactory. 

Some of the problems worked out included— 


Changes in the conventional methods of fastening boys’ trousers: 


. Reversal of the placket. 

Longer plackets. 

Substitution of drop front for the fly. 
. Change of position of buttons. 
Reduction of number of buttons. 


care 
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Girls’ dresses: 

a. Making of designs to simplify: 
(1) The making and 
(2) The laundering problem 

b. To make more comfortable for wearer 
(1) Step-in dresses 
(2) Step-in underwear 
(3) Dresses with one or two practical front fastenings. 


Pants, waists and harnesses that are cheap, easy to make and 
launder, distribute weight correctly, and cause no restriction. 


Outer garments to replace coat: 


a. One with detachable inner lining. 

b. One with leggings and scarf attached—(These garments sup- 
ply the needs of the coldest weather for outdoor play and 
eliminate the separate leggings, sweater, scarf, ete., which 
consume much time in dressing: the detachable inner lining 
makes it possible to wear the garment in milder weather). 


Equipment (demonstration frames) for teaching the manipulation of 
fastenings such as snaps, hooks and eyes, buckles, ‘ete, were made. Speed 
tests were given on these and reports made. 

The laboratory procedure included the compilation of questionnaires 
which had been sent out to mothers of Michigan for data concerning chil- 
dren’s clothing; personal interviews with “Lansing and East Lansing 
mothers to learn their problems; investigation of children’ s garments in 
local stores, Detroit and other cities; bibliography of available material 
on children’s clothing. Also, the making of dresses and suits according 
to commercial patterns, materials used in these garments haying been 
carefully tested and recommended by Textile classes of 1920-21, subject- 
ing these garments to test in the Merrill-Palmer school; the making of 
duplicates of this first set of garments with the corrections recommended 
by students in residence at the Merrill-Palmer School. These corrections 
were based upon the wearing test given the dresses and observations made 
on the clothes children brought from home. 

The development of the following special igh ta Ta was of economic and 
social significance: 


Five and ten cent stores—investigation of store system, wages, articles 
of women’s wear, etc., and comparison with other stores. 

Trade names—for ready to wear dresses and blouses. 

Investigation of trademarked articles, demand for them, value of 
trade name to manufacturer, retailer, and consumer. 

House dress for farm house—investigation of those om market and 
designing and making of a suitable type. 

Clothing shop for children—investigation of children’s clothing shops 
in Lansing, mail order business, and of most desirable lines to carry 
in such a shop. 


Purchasing habits in stockings—A study of purchasing habits gained 
from college students and also from information from hosiery depart- 
ments in Lansing stores: Special emphasis on popularity of certain 
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trademarked brands: Data on wearing qualities obtained from student 
records. 


Baby layette— 


Investigation of cost and number of articles in ready-made, comparison 
with home-made, planning of very inexpensive layettes and designing and 
making of one pattern adapted to several garments. 

The students in residence at the Merrill-Palmer School have made a 
special study of the problem of designing and making simpler clothing 
for children, and simpler methods of fastening, a child’s ideal outer 
garment to combine coat, leggings. scarf, and hood, garments on the 
market and the designing of patterns and the selecting of material. 

This course gives evidence of the wide range of research problems open 
to women interested in textiles and clothing and the study of children’s 
clothing, which has been only barely begun as a piece of experimental 
work and which, if continued, should be a worthwhile contribution not 
only the clothing work, but to the health of the child. 

Field Work in Textiles and Clothing (H. E. 55): The purpose of this 
course was to enable the student to investigate lines of work other than 
teaching, to apply economic theory to clothing consumption, to study 
retail trade and business metheds in use in the commercial world. Four 
students have chosen to work toward the position of buyer in retail stores 
and have spent the laboratory hours in salesmanship work in three of 
the Lansing stores. 

Two other students wished to have more advanced work in clothing 
construction, especially in tailoring. They have worked with two of the 
Lansing tailors and with a leading modiste. 

Another student has been interested in textile research. She has 
worked on the subject of shrinkage—the best method and the relation 
between price and quality and the amount of shrinkage. Home dyeing, 
stain removal and analysis of laundry soaps have also been worked on. 

Field Work in Millinery (HI. E. 53b): Out of a class of twelve stu- _ 
dents in Commercial Millinery, eight did field work in two different shops 
in Lansing. The class met regularly for three laboratory periods per 
week or six hours. During each student’s shop experience, she was asked 
to report at only one class period; the other two days she worked in town, 
conforming to the rule of the shop as to hours—1 to 5:50. 

With the co-operation of the person in charge of the work room, prob- 
lems not carried out in class were given in the shop. In most cases, the 
students worked in shop for six half days, covering a period of three 
weeks. 

It gave an insight into shop methods not possible to present in the 
school laboratory, and thereby helped her to be better prepared to teach 
in a vocational school. 

The creative instinct is much more easily developed when one is sur- 
rounded by the materials with which to create. 

It develops speed which is necessary in the successful creation of hats. 

It gives the girls a sympathy and understanding of the workers in 
other fields. 

From the standpoint of the consumer, it gives her a better idea of the 
real worth of a hat. 
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It helps the student to create hats for different types and ages, while 
in the school laboratory she works for herself or girls of similar age. 

Co-operation with the Merrill-Palmer School—Detroit: In April, 1921, 
the Board of Agriculture and the Board of Trustees of the Merrill- 
Palmer School entered into a plan of co-operation by which six senior 
Home Economics students per term were permitted to study in 
residence at Detroit and to pursue intensive and special courses deal- 
ing with the care of children between the ages of fifteen months and five 
years (2) with the special nutritional problem involved in their feeding 
and (3) also with the social agencies dealing with the home. 

The Merrill-Palmer School ‘equipped a practice house for use as the 
residence of the M. A. C. students and placed at the disposal of the Col- 
lege, for the instruction of the students, their staff of specialists, con- 
sisting of Doctor Helen T. Woolley, Miss Lila Skinner, Miss Ellen Miller, 
Miss Henton of London, England. The Home Economics Division main- 
tained one of its teaching staff, Miss Lola Yerkes, in residence at the 
Merrill-Palmer School. This instructor taught the home management 
practice and lecture (H. E. 31 and 32), and assisted in the care of chil- 
dren (H. E. 34) and special problems in nutrition (H. E. 15). 

In January, under the direction of Doctor Woolley, the Merrill-Palmer 
School opened a Nursery School for children of preschool age. The 
thirty-three children enrolled were under the direct instruction of Miss 
Henton of the Gypsy Hill Training School, London, England, an expert 
in methods of instructing children of pre- school age, who was granted 
a leave by the English educational authorities in order to assist in the 
establishment of a nursery school in the United States. 

The students assisted the nurse every morning in the health inspection 
made of the nursery school children upon their arrival, weighed and meas- 
ured them weekly, assisted the physician in making charts showing the 
results of their physical examination. 

Three hours daily were devoted-to laboratory observations of gruaps 
of the children and specific observations on definite children for the pur- 
pose of learning to determine and set standards for normal behavior, 
motor ability, memory, perception, and formation of habits at different 
ages. The students in groups planned and prepared the daily food eaten 
at the noon-day lunch by the children, sat at the table with the children 
and gained experience in the knowledge of how to give them the proper 
food habits. 

A series of lectures, extending throughout the term, was given by an 
outstanding physician, dealing with the physical development and care 
of children; another series of lectures by an expert in field and laboratory 
work in sociology was given. Other persons of wide experience in special 
fields were invited to address the students. 

The object of these courses was to round out the Home Economics train- 
ing of the students. Home Economics should include, as a fundamentally 
important part of every college course, adequate instruction in the 
physical, mental and moral care and development of children. To de- 
-velop such courses, both in content and method, was one of the purposes 
of establishing the Nursery School, and to give the student actual ac- 
quaintance. with the behavior, mental habits, the proper method of in- 
structing children, as well as standards for observing reactions. and in- 
terpreting results. iy | 3 
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The twelve students who studied in residence there have received {1) 
a knowledge and understanding of the standards to be maintained in the 
physical care of children. (2) Normal mental development and habit 
formation. (3) Proper food for children of pre-school age and its rela- 
tion to growth and body efficiency. (4) The social and economic function 
of the home and its responsibility to the community. It is the hope of 
both the Merrill-Palmer School and the Home Economics Division that 
the experimental work done, the method evolved, and the subject matter 
formulated, will become the foundation for many such courses in other 
institutions and that later similar work may be given to every member 
of the senior class on the campus. 

The home management practice was conducted much as it was done 
on the College campus. The spirit of a real home iprevailed ‘and all the 
activities were organized and carried on in a most efficient manner, 


EDUCATIONAL WORK OFF THE CAMPUS. 


In June, 1921, with the consent of President Kedzie, I planned to co- 
operate with Dean 8S. A. Courtis, Director of the Detroit Teachers Col- 
lege, in giving two courses of lectures in connection with the Evening 
School classes, one in the “Malnutrition of Children” and the other in 
“Saving and Spending”. ‘The course extended from October fifteenth to 
March twentieth and required my presence in Detroit one day per week. 
The matriculation in both courses far exceeded the most sanguine pre- 
dictions and included largely principals, assistant principals, and special 
teachers and supervisors in the high schools of the city. In the course 
dealing with mal-nutrition, employees of the city board of health, (the 
physical education department), special schools and a majority of the 
home economics teachers, were enrolled. Much was accomplished in 
bringing to this important group the character of work being done at 
the College and the service it could render such city school systems. The 
fact that the total enrollment of students in the Division included less 
than twenty from Detroit confirms the need for making such educational 
contacts. 

Several times during the year I conferred and advised the city school 
administrators in Grand Rapids regarding developing the work in Home 
Economics in the grades and high schools, also with the Y. W. C. A. in 
their plans for their educational foundation, to be established for work- 
ing girls. 

From July 1, 1921, to July 1, 1922, there were received one hundred 
and forty invitations to speak from women’s clubs, schools, county ex- 
tension agents, granges, leagues of women voters; of these it was 
possible to accept only 33; eight of these were requests from outside the 
State, at which it was to the advantage of the College to have a represen- 
tative present. The home-maker in Michigan is keenly interested in the 
home economics education which the College is giving and wants to profit 
in her daily living by advice and information which can be given by our 
staff in public lectures. A very real educational service to the adult 
women of the State can be rendered in this way. _ 

Mutually helpful co-operation has been maintained with the Home 
Demonstration work of the Extension Division of the College and the 
Supervisor of Vocational Education. 


DEPARTMENT REPORTS. 89 


In closing the work which I have been able to do at the Institution, I 
wish to make grateful acknowledgment of the unfailing co-operation and 
service of the Home Economics faculty; it is to them that the accom- 
plishments of the last year are due. I also wish to acknowledge the help 
and interest of other departments in further developing the work. 

It is with profound regret that I terminate my connection with the 
Home Economics Division of Michigan Agricultural College, but I shall 
look forward to the development of its great possibilities and opportuni- 
ties for service to the State. 

Respectfully submitted, 
MARY E. SWEENY, 
Dean of Home Economics Division. 
East Lansing, Michigan, June 30, 1922. 


ANNUAL REPORT OF THE DEPARTMENT OF TEACHER 
TRAINING. 


The Department of Agricultural Education was established July 1, 
1908, as a department of the Division of Agriculture. 

When the Smith-Hughes Law was passed in 1917, it became the Voca- 
tional Teacher Training Department of the College. In order to comply 
with said federal law and provide suitable training for teachers in voca- 
tional home economics and in vocational agriculture a teacher training 
and practice teaching school was installed. — 

During the current year about one hundred fifty (150) students have 
entered the classes in Education. The professional educational subjects 
are made electives in the junior and senior years, so that the class mem- 
bership consists of both juniors and seniors. 

The following educational courses are presented: 

Education 1, Psychology for Women. 

Education 2, General Methods and School Management. 

Education 3, History of Education. 

Education la, Special Methods in Home Economics. 

Education 3a, Practice Teaching. 

For the men in training as teachers of agriculture, the following courses 
are given: 

Education 4, Psychology and Vocational Guidance. 

Education 5, General Methods and Rural Sociology. 

Education 6, Special Methods in Teaching Agriculture. 

Education 6a, Practice Teaching. 

The department has the following employees: 

W. H. French, Director. 
E. Lynn Grover, Associate Professor. 
Branson A. Walpole, Assistant Professor. 
Josephine Hart, Assistant Professor. 
Emma Garrison, Assistant Professor. 
During the year we have trained sixty-two (62) young women as 
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teachers of home economics and fifty-three (53) young men as teachers 
of agriculture. The remaining members of the classes were made up of 
juniors who will be in training next year. 

For the practice teaching, we make use of the young women in the 
East Lansing high school for home economics, and of the young men in 
the same school for the agriculture. In addition to that, we have taught 
the subject of home economics in the Hasiett Consolidated School under 
the supervision of our critic teachers, the instruction being given by 
student teachers. This experiment has proved to be very satisfactory 
both to the public school at Haslett and to the Teacher Training Depart- 
ment, and we are planning to continue this work for next year. 

Of the young men trained for teaching agriculture, all except four or 
five have already been employed, and will be engaged for this important 
work for the next school year; and of the young women, all except six 
are now located in the home economics departments of the public schools 
of this State. It should be stated here, I think, that Michigan Agricul- 
tural College is now providing over fifty per cent of the teachers of home 
economics of the State and is providing all of the teachers of agriculture. 

We feel there are a number of problems yet to be solved in connection 
with this matter of teacher training. One is in connection with the prac- 
tice house and the other is concerning the development of a Smith- 
Hughes school in the East Lansing high school—that is, the instruction 
given in home economics and in agriculture, be recognized as Smith- 
Hughes Departments. This is a matter for the consideration of both the 
State Board of Vocational Education and the Federal Board. 

Respectfully submitted, 
W. H. FRENCH, 
Director Vocational Teacher Training. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DIVISION OF VETERINARY SCIENCE. 


Mr. David Friday, President, 
Michigan Agricultural College. 
Dear President Friday : 


Herewith I present the twelfth Annual Report of the Division of Veter- 
inary Science. 

No changes in the personnel of the Veterinary Science Division have 
occurred during the year just closed. However, the work has been ap- 
portioned differently. The Department of Surgery and Clinic has become 
the Department of Surgery and Medicine and has carried the teaching of 
Veterinary Medicine. The Department of Medicine and Pharmacology 
has been discontinued and Dr. Taylor and the pharmacology has been 
transferred to the Department of Anatomy. The above arrangement has 
permitted Drs. Taylor and Johnson to give about three-fourths of their 
time to assistance in the Department of Physiology during the fall and 
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winter terms, and Dr. Taylor about one-haif time for the spring term. 
The above arrangement has made the teaching in the Departments of 
Surgery and Medicine and Anatomy somewhat strenuous and is not 
wholly satisfactory. 

The Department of Surgery and Medicine has conducted the largest 
clinic which has obtained since the establishment of the Division which is 
compared in the following chart: 


Year. Equine. | Bovine. | Ovine. | Suis. | Canine. | Feline. | Aves. Mise. | Total. Nature. 
112 46 120 3 141 5 il heer Sferetoras 428 | Med. Amb. 
. < 169 362 4 2 93 9 1 2 642 | Surg. Amb. 
U1 (i erate ’ 
| 29 30 4 5 85 5 re - 250 | Med. Hosp. 
{ 103 79 2 4 176 16) ere ee 1 381 | Surg. Hosp. 
1,701 | Total. 
f 56 86 839 250 88 4 1 1 1,325 | Med. Amb. 
| 103 735 5 | 1,642 101 it eae es 1} 2,598 | Surg. Amb. 
1 Fe ea : 
8 21 4) 6 144 7 5 2 198 | Med. Hosp. 
137 140 1 12 144 34 2 5 475 | Surg. Hosp. 
4,596 | Total. 


Ths work of the Division has been cheerfully performed and I wish to 
express my appreciation to the Veterinary faculty for their valued co- 
operation. 

The meeting of the American Veterinary Medical Association at Den- 
ver, Colorado, was not attended by any member of our faculty. Drs. 
Hallman and Hutton, attended only the meetings of the U. 8. Live Stock 
Association and the International Live Stock Show. Various members 
have attended the meetings of local veterinary associations in Detroit, 
Adrian, Jackson and Marquette. The annual meeting of the Michigan 
State Veterinary Medical Association held February 7 and 8, was the best 
and largest in its history. Again the summer meeting held June 28, 29 
and 30, 1922, was the best program, attendance 211, sociability, ever 
staged in Michigan. 

Attempts to increase the student enrollment last year were in a measure 
successful with eleven freshmen. The total enrollment of freshmen vet- 
terinary students has not changed from that recorded in the chart pre- 
pared by Dean White of the Ohio State University. 
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ees First Second Third Fourth : 
99 
Name of Institution, 1921-22. co vars oar year! Special. Totals. 

Alabama Polytechnic Institute...............+..... 10 5 14 1a eer eae 41 
Colorado Agricultural College...................... 23 13 19 16 1 72 
Georgia State Agricultural College.................. 9 5 5 Tal ORI IIS 21 
Towa State Agricultural College..................... 28 17 18 19 6 88 
Kansas State Agricultural College.................-- 12 10 23 10 4 59 
Michigan Agricultural College...................0+- il 5 6 6 1 29 
New York State Veterinary College (Cornell)......... 15 13 29 16 4 77 
New York State Veterinary College (N. Y. Univ.).... 5 1 2 Dll A's ccteve teeter 13 
ObiojState/Universifysneeen est eeentoe eae 14 13 24 OOIN| Aa vovatate ae ae 86 
Ontario Veterinary College (Canada)................ 13 23 35 19! eater 90 
University of Pennsylvania. . Soatoesehs 11 5 8 T| Sata fore otc 31 
Texas Agricultural and Mechanical College. siren tatentice 5 1 2 Al Pde heh 12 
State College of Washington................+.ese00: 7 2 


Prospects of a larger freshman class for 1922 and 1923 are good. 
Through the valued co-operation of ion. J. A. Doelle at one time a mem- 
ber of the State Board of Agriculture and Mr. E. KE. Gallup, of the Bureau 
of Education, the Veterinary course is being brought to the attention of 
the Michigan boy, a part of our program which heretofore has not been 
accomplished. 

In January, as of the class of 1921, Mr. H. A. Goss was graduated, and 
June 21, 1922, the following men received the degree of Doctor of Veter- 
inary Medicine: 

Mr. R. F. Blatchford, 

Mr. Harry Buchman, 

Mr. R. E. Hammond, 

Mr. P. V. Howard, 

Mr. HA. Weckler: 

Of the above men two will enter private practice, one will enter com- 
mercial work, one municipal work and one State work. 


ANATOMY DEPARTMENT. 


The housing condition for work in anatomy has not changed since the 
erection of the present Surgery and Clinic Bnilding. The buildings are 
inadequate and of obsolete design and should receive early attention. 
Teaching methods require museum and laboratory work which under 
present conditions is impossible to provide. 

The work of the department included pharmacology and assistance to 
the Department of Physiology has been carried on by Drs. Chamberlain, 
Johnson and Taylor. The chart below shows in part the work done. 


Fall: 


Anatomy la 
Anatomy 2a 
Anatomy 4 
Poultry 5 
Pharmacology 2 
Pharmacology 4a 
Physiology 1 (See. 3 and 4) 
Physiologyil (Secs 1,,2:/8:15, Oks. sesce cee cere 


Winter: 
Anatomy la 
Anatomy 1b 
Anatomy 2b 
Anatomy 3a 
Poultry Husbandry 5 
Pharmacology 2a 
Pharmacology 4b 
Physiology 1 (Sec. 4, 5, 6) 
Physiology 1 (Sec. 4, 5, 6) 


Spring: 
Anatomy lc 
Anatomy 2e 
Anatomy 3b 
Pharmacology 1 
Pharmacology 4¢ 
Physiology 1 (Sec. 4) 


Subject. 
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No. of Labora- | Total class 
students. | Credits. | Lectures. tory. hours. 

24 72 96 

24 180 204 

24 72 96 

12 48 60 

ii} eeewenite ed ¢ 36 

amet ce 96 96 

HORS eta io 144 144 

2 4 24 72 96 

18 3 12 72 84 

7 let ecrats. - iP? 72 

24 4 24 72 96 

6 5 24 24 48 

7 Da Nee tec a rcReee 48 48 

5 3 BO) Secsreafele se 36 

pickets ea reese matay esi nneveicistoverctorh sess vais 57 OG some coriad 144 144 

t ( Siaeteoeee 144 144 

12 108 120 

ot aveyelace seas 72 72 

48 24 2 

Glial Hemeaernoes 36 

Sheets 48 48 


The chart is self explanatory. Bearing in mind that practically all 
irregularities of classification of students taking work in the Veterinary 
Divison find adjustment in this department and involve many hours of 
extra work on the part of the instruction staff. 


Respectfully submitted, 


F. W. CHAMBERLAIN, 
Acting Dean. 


East Lansing, Michigan, June 30, 1922. 
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REPORT OF THE DEPARTMENT OF ANIMAL PATHOLOGY. 


President David Friday, 
Michigan Agricultural College. 
Dear Mr. President: 


I herewith submit report of the Department of Animal Pathology for 
the year ending June 30th, 1922. 
The instruction work for the year was as follows: 


rz 


Pathology 2a, Fall term, 5 hours per week, 7 students. 

Pathology 1, Winter term, 10 hours per week, 6 students. 

Pathology 2b, Spring term, 4 hours per week, 6 students. 

Pathology 3, Spring term, 5 hours per week, 6 students. 

Poultry Husb. 4, Spring term, 3 hours per week, 7 students. 
Veterinary science, short course, winter term, 24 lectures, 32 students. 


During the year the department has held autopsies on 154 animals 
and has “made examinations of specimens from 87 diseased animals sent 
in for examination by farmers and veterinarians. 


The autopsies are as follows: 


Four horses, nineteen cattle, eleven sheep, twenty-two swine, three 
dogs, eighty-seven chickens, one fox, two rabbits, one bear, one reindeer, 
one badger, one white rat and one eagle. 


Among these are: 


Acute interstitial nephritis, foal 4. 

Acute gastro-intestinal intoxication, calves 2. 
Endometritis, cow 1. 

Lobar pneumonia, cow 2. 

Necrotic pneumonia, cow 1. 

Pyemia, cow 1. 

Sarcomatosis, cow 2. 

Traumatic pericarditis, cow 1. 

Tuberculosis, cow 6. 

Acute gastro-intestinal intoxication, sheep 1. 
Hemorrhagic septicemia, sheep 3. 

Intestinal ‘helminthiasis, sheep 1. 

Necrotic pneumonia, sheep 1. 

Peri aortic hematoma, sheep 1. 

Pulmonary congestion, sheep 1. 

Rupture, posterior vena cava, sheep 1. 
Septic metritis, sheep 1. 

Acute gastro- intestinal intoxication, swine 1. 
Acute lobar pneumonia, swine 1. 

Acute tympanitis, swine 1. 

Hemorrhagic gastritis, swine 1. 

Hog cholera, swine 3. 
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Prolapse of rectum, swine 1. 

Pseudo leukemia, swine 1. 

Rachitis, swine 1. 

Rarefying ostitis, swine 1. 

Rupture of intestine, swine 1. 
Septicemia, swine 1. 

Thrombosis, swine 1. 

Ulcerative enteritis, swine 1. 

Acute fibrinous pericarditis, fowl 1. 
Acute intestinal intoxication, fowl] 1. 
Acute lobar pneumonia, fowl 1. 
‘Abdominal hemorrhage, fowl 1. 
Avian diphtheria, fowl] 4. 
Botulism, fowl] 2. 

Catarrhal enteritis, fowl 2. 
Coccidiosis, fowl 9. 
Conjunctivitis, fowl 1. 
Contagious epithelioma, fowl 2. 
Fibroma, fowl 2. 

Intestinal helminthiasis, fowl 
Pediculosis, fowl 1. 

Sarcoma, fowl 1. 
Tuberculosis, fowl 25. 
Chronic colitis, dog 1. 
Intussusception, colon, dog 1. 
Rupture, right ventrical, dog 1. 

Septicemia, fox 1. 

Generalized peritonitis, rabbit 1. 

Pyometra, rabbit 1. 

Hemorrhagic duodemitis, bear 1. 

Acute gastro-intestinal intoxication, reindeer 1. 
Acute lobar pneumonia, badger 1. 
Tuberculosis, eagle 1. 


~ 


oO 


Specimens from diseased animals sent to the laboratory by farmers and 
veterinarians for examination are as follows: 

Two horses, twenty-two cows, six sheep, ten swine, nineteen dogs, two 
cats, twenty-five fowls, one rabbit. 


Among these are recorded : 
Fibroma, horse 1. 

' Acute intestinal intoxication, sheep 1. 
Goitre, sheep 1. 
Hematoma, liver, sheep 1. 
Intestinal helminthiasis, sheep 1. 
Nodular disease, sheep 3. 
Abscess, carpal region, cow 1. 
Actinomycosis, cow 1. 
Acute parenchymatous nephritis, cow 1. 
Arthritis, cow 1. 
Chronic enteritis, cow 1. 
Chronic pyometra, cow 3. 
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Fibroma, cow 1. 

Hematoma, cow 1. 
Hemorrahgic enteritis, cow 1. 
Papillary epithelioma, cow 1. 
Sarcoma, cow 1. 

Suppurative hepatitis, cow 2. 
Tuberculosis, cow 1. 

Alveolar sarcoma, dog 1. 
Anemic infarct, dog 1. 
Demodex mange, dog 6. 

Eezema, dog 1. 

Fatty infiltration liver, dog 1. 
Intestinal helminthiasis, dog 1. 
Papillary epithelioma, dog 1. 
Sarcoptic mange, dog 1. 
Coccidiosis, fowl 1. 

Contagious epithelioma, fowl 2. 
Cranial abscess, fowl 1. 

Fatty degeneration liver, fowl 1. 
Hematoma, fowl 1. 

Infectious entero-hepatitis, fowl 4. 
Intestinal helminthiasis, fowl 1. 
Osteoporosis, fowl 1. 

Ruptured oviduct, fowl 1. 
Sarcomatosis, fowl 1. 
Tuberculosis, fowl 38. 

Erythema, swine 1. 

Icterus, swine 1. 

Sarcomatosis, swine 1. 

Sub. lumbar abscess, swine 1. 
Suppurative hepatitis, swine 1. ' 
Urticaria, swine 1. 

Sarcoptic mange, cat 1. 
Symbiotic mange, rabbit 1. 


Dr. Runnels, in addition to his teaching, autopsy work and examina- 
tion of specimens from diseased animals, has served as Secretary of the 
Michigan State Veterinary Medical Association during the last year. 
This work demands a considerable part of his time but it is the writer’s 
opinion that such time is well spent in that it brings the veterinary pro- 
fession of the State into closer touch with the College than would be the 
case otherwise. Further, a part of his time has been devoted to the prepa- 
ration of specimens for the pathological museum and a few trips into 
the State on extension work have been made by him. 

A large part of the writer’s time has been devoted to a continuation of 
his studies on the diseases of the reproductive organs of cattle and to the 
study of the evolution and involution of the uterus of the cow during 
and subsequent to pregnancy. <A report of this work may be found in 
the department’s report to the Director of the Experiment Station. 

Respectfully submitted, 
E. T. HALLMAN, 
Associate Prof. of Animal Pathology. 
East Lansing, Michigan, June 30, 1922. 
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REPORT OF THE DEPARTMENT OF SURGERY 
AND MEDICINE. 


President David Friday, 
Michigan Agricultural College. 
Dear President Friday: 


I hereby submit my fifth annual report of the Department of Surgery 
and Medicine for the fiscal year ending June 30th, 1922. Heretofore my 
report has been submitted under the name of Surgery and Clinic Depart- 
ment. In July, 1921, the State Board of Agriculture placed the Depart- 
ment of Medicine in the department of Surgery and Clinic and changed 
the name to the Department of Surgery and Medicine. 

The recitation and laboratory work of the department has been handled 
entirely by Dr. Sales and myself. The ambulatory clinic has been handled 
by Dr. McKercher, Dr. Sales and myself. In addition to the regular work 
of the department we have given instruction in Veterinary Science 2a, 
2b and 2c which is elective for Agricultural and Forestry courses. 

The total number of medical and surgical hospital cases treated during 


’ the school year 1921-22 was 673, an increase of 42 cases over the previous 


year. 

The total number of ambulatory cases treated was 3925, an increase of 
2854 cases over the school year 1920-21. The total number of animals 
treated by the department during the school year 1921-22 including both 
ambulatory and hospital clinie was 4596, an increase of 2896 cases over 
the school year 1920-21. Out of this number 304 were horses, 982 were 
cattle, 850 were sheep, 1910 were hogs, 477 were dogs, 56 were cats, 8 were 
chickens, 2 bears, 2 turkeys, 2 rabbits, 1 goat, 1 eagle and 1 mule. 

The number of cases treated by the department and the large variety 
of material available for instruction purposes has been the largest and 
most satisfactory in the history of the ‘clinic. 

Respectfully submitted, 
JOHN E. HUELON: 
Associate Professor of Surgery and Medicine. 
Kast Lansing, Michigan, June 30, 1921. 
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A tabulated report of the instruction work for the school year 1921- 
1922 is given in the following table. 


Fall term. Winter term. Spring term. 
Subject. Peat i PA ie I 
Recitation | Laboratory | Recitation | Laboratory | Recitation | Laboratory 
hours hours hours hours hours hours 
per week. per week. per week. per week. per week. per week. 
DUTEPLY dere co. cic aisteke bret ebmeieste ie wise re 4 eM estate eats a,acal)'s con, Ave ese encttite gets Cleat ole 
Shot] en APE As ctrae sbistvo acne ob ee canine acne elo Fe Vel er Se On| Mester nares = liad once eae 2 sl 3G, he oe 
Surmenvic vi ok eee cae ele neice sacle 4 AV MEN G:5).954 nc llio.t a nen Oe erste | ee ee Otel eee 
Ginnie San esha cis Nerocel ool: aluvaraitc Rca S| ops a | ME Dil eRe Ae cosets pocccsseeess 
Olinied bees aah hearse fs Sn S| sont eee Allg tee een epee erode. ok | 22s eae ois (eee aoe eae | 15 
‘ { 
Cline AGH Leet ee tata otorian cy) aa haan eine tes DDG Seatack Sesas Po: |leee Sa 0S meal ere ete teks ae | nee 
CONTE 1 Le oe Soot ORAS ORI Re ER | Ds a ee IR a Bs Jon a he PB. ooo) scale. oe | ee 
Gino deck wee ee STO SS Ree FS mes 6 tae LE eit 0 © LR ee 15 
Sireeryibey eee cen sa ceane! pens nleclt ceineeee den nen Seer eae 8 dats «+ ESSERE ce bee no |e eee 
Siyaany hes ae RN ee no eee mead EEasAce aces Noor eaaedond 7 Sl re ees Ph Sea PERRO Wr SADIE 6 cic 
Miadiciieult ee: eases hati estate CS Sn CS Se Re ARE ete Sol nner reallis sone w ce - 
IMedicinesSae scence coed cee ni Sted Prev ei eletetete ce See ove e-oteptlanremaeeeaeat Bis os ba Soke | SEAS Etec cecal ees eee 
1S RUC) RR ea ee ie ee eh Ceicnen Mer Soci ye: oF ne | Ph are ee mre 5 ee Cy PR cas foo 
19 (ve rest (ey 2: eg eae A ay A Sacnceee lant Wao Be Barter a) Lol Fl eee Mair earner Ae ts| Nugtba co Ade. 
Whedi cine’ dpe Ames esti te Pee Its die koe ceed | cee ane pat eed oy etl bil aie ean A oo ee heen 
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A tabulated report of the hospital clinic for large and small animals 
treated from July 1, 1921, to June 30, 1922. 


Medical cases. Horses. Cattle. Sheep. Hogs. Dogs. Cats. Chickens. | Other. 
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Tetanus...... Ls estate fines 
Traumatic pericarditis 
BRIE PUHOSIR Deere aoc seicis Sif ake 


VSG Grobiee don oa One be | a Seen opts tae aie aeietel (nolo oon ee [aero e 


BRObalas 2 ns gaits ecw rao 8 21 5 6 144 7 5 2 


100 STATE BOARD OF AGRICULTURE. 


Surgical cases. Horses. Cattle. Sheep. Hogs. Dogs. Cats. Chickens. | Other. 


A CHINGMYCOSIS 4: <<. se cues lene eee Ds ee eee Oe eee tins cectelsisrsil © so nis Geeeell oie ss erat eel ae 
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DEPARTMENT REPORTS. 101 


Surgical cases. Horses. Cattle. Sheep. Hogs. Dogs. Cats. Chickens. | Other. 
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Trimming toenails. 
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A tabulated report of the ambulatory clinic for large and small animals 
treated from July 1, 1921 to June 30, 1922. 


Medical cases. Horses. Caitle. Sheep. Hogs. Dogs. Cats. Chickens. | Other. 


IANCTINOMY.COBIS sishaaneeessr alae ei aretalnce erates 
Atomy of. fore-stomach jai cal ces ee) | 8 ty GiHciNo eee. cuore | roemmeretetetete ale cretstos Srco| tana rib decesce| este eee ee 
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Colic, impaction............. 10 
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Surgical cases. Horses. Cattle. Sheep. Hogs. Dogs. Cats. Chickens. | Other. 
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REPORT OF THE REGISTRAR. : 


President David Friday, 


Michigan Agricultural College. 


Dear Sir: 


I have the honor to present the following report of the Registrar’s 
Office for the year ending June 30, 1922: 
In the regular college courses the enrollment for the year is as follows: 


Agriculture and Forestry 


Engineering 


Home Economics 
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Veterinary 
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SHORT COURSES. 
Two-year sixteen weeks’ course in Agriculture...... 100 
Two-year eight weeks’ course in Agriculture ....... 48 
Hight-weeks’ course in Horticulture’. .... 0.02.0 .209. 35 
Hight-weeks’ course in Farm Engineering .......... t 
LHight-weeks’ course in Dairy Production........... 32 
Kight-weeks’ course in Dairy Manufacture ......... 32 
Hight-weeks’course in Farm Business .............. 5 
Four-weeks’ course in Poultry Husbandry .......... 24 
Four-weeks’ course in Ice Cream Making .......... 21 
Two-weeks’ course in Cow Testing and Dairy Barn 
IN VeaitTeA RE TEREED ire: sts cacao) oiin, ve: cca alana ata ERS faa a 50 
Four-weeks’ course in Truck and Tractor ........... 94 
Pere Tels CMMI SE hel avane oNe' gt at avs 'd's 0's 4 treeitetdi eee Cet: 6 
BRU tian teas bax see aCe ee Syne srs or aalaisla lala nmbaenel avy 454 
Mirccuonaly Guidance sSChool } 2)... 6s. ..a/ee- ae tlatie ce 218 
Totaban yall Coutses. 25 eee BA i 2,732 
WanieReneEALECU ©. cha etecss «< a: afd ce ooh aaah ofan e ahora 202 
ING tere Oia la ceetare greta ole, alle eras A ESGNY Weartancth ts Bs Sec aareven ene 2,460 
ENROLLMENT BY TERMS. 
Course. Fall. Winter. Spring. | Summer. 
PAO MICMIier AIL HM OLECSLI a... «<r. a7it-sla\-1S Creptents) scyees whe 532 532 476 160 
MPIC RIMS ere Sess qeecn te eter, op een Sree ele ae Oo oats 521 484 463 87 
Home Economics........ Figed Wet ke AOL ate ate 421 391 371 96 
PATSMIGCE SCION CO wiretap reas evey shes nae cat cnche oer stig ee cea 115 102 94 1 
WE TERIA yLIVECUICINIC! racer sco cori eo sig Sei dete he eee eae 30 2 29 4 
SENTNGILETH HOS ONS ees Bacco NES omen ta Pa ae ear 10 13.} 1 Ip listen AetesBocb es 
RTCA CEES pwc ger ark me tegen te, c aioe seen oul hie cheat cate Kcua eR uate ee eather ee 19 
TIDE keane cae ae nea ON NL Ar SE 1,629 1,553 1,445 367 
ENROLLMENT BY CLASSES.” 
Agr. For. Eng. 15l5 413} Ser Vet. Total 
REACT ES care cassia ete esses etalon lobe 1S peacicncaeeebta loscloreaectal lerctolatd G6 Gl jiscckbts o.G.c| | a,cds ets 13 
PIEMIOES s cocessictete conus oes wo aie se 90 21 77 UO) Noort nia 5 268 
SUREENIOTS's Sc is-teteinlsateis Steud oe ere ee 108 20 110 SS We neeek ae 7 328 
RMON ONES 3 ceases rune cu cas teas eaepnel 103 18 140 94 24 7 386 
RPE STUTTTOTI cco eee yids d We 2h. ate oe ke US i7ie |Prtever ce 214 177 98 12 688 
Special Students. ..--2 292) 20s. Ai TSP «Sis 2 Byles we ae 1 10 
SUIMENET SESSION sey. es iz i: aha 135 25 87 96 1 4 348 
EVITA MER GHETS: 2 c/a Mae ane Na acetone es bat ater te, cvsl| ectuataysn cree arsrersre.thoilta ehsudneee alten eee oles 19 
MUCHAS ees ono cn ae 640 84 630 528 123 36 | 2,060 
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GEOGRAPHICAL DISTRIBUTION OF STUDENTS. 
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STUDENTS ENTERING DURING THE YEAR 1921-1922. 


Number Enrolled. 


Arriculturaliand Horestry: COuUrsey << /scecyers: = apna ere ee Cle otehe aes ioe sc Grate: aosjc least en aloe 
HN GINECTING COULSON: 6 sie sods ths eieie op Sines ehe Die SRO TO EE eRRIe oselee ous ob wie er eke ee ee 
EL OMEPHICOMOMUICS COUTSE.. (ais ..0r oarare,ersd eae Ne he aOR ba unliotere ices sua osechvere one eaten aan 
Applied SClemCE: COUTSEs .t.7 4% ees Gao « en tie Ne feu cve le rede MCE EMER Rot elke car ah 0 8-1 cats fe ces Cee ERS 
VEL erin ary. WECCICIIIG « .:o2r- rece 2 See aie oye! le esa 015 e Oe ROR eae Meee aie eke hens do tans Set alien lar Ree nene eee eae 
Grad abe; SOUGSNts su tes. oc spate o yats ad areca orcs ROR Pena ee ole ay aketa es tar aicara ol vO es SROs cee ee 


Preparation. 


Graduatesof Accredited Migh Schools: 7. action etree a tntee ss terse tel sine neahete aslo 
imigh*School (Credits and Pxaminations. 3252 s-\ac sine serine tie sini > + ol» siololehare re ieleiete 
Creditsstrom’ Other Colleres sy ao ciecetctenais cet ne eeeo eRe Caan Samra taa ne Scie’ foe leipneee ate 
IMECGEral SBTEDATATOLY ).0 fm tsskc vie e oanic erie eRe ate evel Oe REET dete et ere haa sitet ee eee ee 


DEGREES GRANTED JUNE 21, 1922. 


BACHELOR OF SCIENCE. 


a, Agriculture; e, Engineering; h, Home Economics; f, Forestry. 


Jay Charles Ackerman, e. 
Fred Philip Adolph, a. 

Harvey Arthur Anderson, e.. 
Margaret Louise Andrews, h. 
Lloyd Chester Atkins, a. 
Howard Chapman Bacon, e. 
John Searls Bailey, a. 

Gerald Weston Rexene Baldwin, a. 
Francis Norman Bateman, e. 
Guy Rix Bennett, e. 

Vera Pauline Benore, h. 
Walter Sydney Bersey, e. 
Ellsworth Iola Besemer, a. 
Herman Henry Bickel, e. 
Ruth Eleanor Biebesheimer, h. 
Harold Russell Bigford, f. 
Roger William Billings, f. 
Fred Horace Black, a. 

George Dewey Blair, f. 
William Barnard Blanchard, a. 
Richard S. Boonstra, e. 

Helen Leone Booth, h. 

John Bos, a. 

Nellie Margaret Bowerman, h. 
Anthony Joseph Brendel, a. 
‘Carl Merwin Brown, e. 
#merson Christian Brown, a. 
‘Irene Jessie Brownell, h. 
Charles Edward Brumm, e. 
Nannie Musetta Bunker, h. 
Panos Demetrius Caldis, a. 
‘Clara Marion Carbine, h. 
Miriam Clark Carpenter, h. 
Léwis Jarvis Carter, a. = ae 
Francis Trevelyn Carver, e. 
Raymond McCallum Clark, a. 
Edward Davis Clifford, f. 
Harold-Malcolm Coburn, e. 
Lucy Ellura Cole, h 

Effie Marie Cook, h. 


Harry William Coon, e. 
James Fuller Crum, a. 
Emma Loretta Culver, h. 
Glenn Raymond Cummings, e. 
John Joseph Dalton, a. 
John Bolivar Davidson, e. 
Samuel Beard DeMerrell, e. 
Daniel DenUyl, f. 

Karl Dressel, f. 

Donald West Durfee, e. 
Thelma Maurine Dutt, h. 
Anton John Dvylis, a. 
Claud Robert Erickson, e. 
DeGay Ernst, e. 

Beryl Evens, n. 

Belle Julia Farley, h. 

Max English Farr, a. 
Stewart Martin Farr, a. 
Clifford Searl Fitch, e. 
Harold Lozzel Fleming, e. 
Donald Whalley Floten, e. 
Arthur Wayne Flucke, f. 
Dorothy Grace Foster, h. 
Walter John Foster, a. 
Grace Edna Fox, h. 
Forrest Judson Freeman, e. 
Mildred Freeman, h. 

Ivan Foster French, e. 
Noel Vincent Fullen, e. 
Bernard Farrell Gaffney, a. 
Gerald Glenn Geisler, a. 
Paul Dillingham Gibson, a. 
Thoburn Earl Gibson, a, 
Mary Ann Gilchrist, h. 
Wayne A. Gingrich, e. 

Leo Benjamin Grant, e. 
John Milo Donald Gray, f. 


Esther Pauline Grettenberger, h. 


Harry L. Grill, e. 
Lillian Ruth Grimm, h. 
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—— 


Marguerite Esther Gunn, h. 
Clifford Walter Gustafson, e. 
Thelma Elizbaeth Haite, h. 
Merlin J. Hamilton, a. 
Olevia B. Harmon, h. 

Lyle Edward Harper, a. 
Irene A. Hartman, h. 
George Alexander Harvey, e. 
Daniel Edward Hasley, a. 
Allie Lewis Hatovsky, e. 
Floyd Mark Hazel, a. — 
Charles Clarence Higbie, a. 
Fred Mix Hill, e. 
Kathaleen Hill, h. 

James Peter Hoekzema, a. 
John Henry Hohnke, e. 
Clarence Shaw Hood, f. 
Harriet Beth Hooper, h. 
Cyril Minard Hough, e. 
Neva Blanche Howard, h. 
Robert Edgar Houston, e. 
Wayne R. Hoyt, a. 

Merrill Van Hunter, e. 
Emory E. Huyck, a. 

Murray Ward Jacklin, e. 
Arno Hallock Johnson, e. 
Leo Earl Johnson, a. 
Arnold Victor Kalm, e. 


Wayne Frederick Kaltenbach, a. 


Leroy Frederick Keely, e. 


Gladys Marmaduke Kellogg, h. 


Mildred Clare Ketcham, h. 
Frank Madison Keyt, a. 
Jennie Ruth Kintigh, h. 
Clara Louise Kling, h. 
Alice Ella Kohler, h. 
Harold Koopman, e. 

Max Axel Krabbe, e. 

Mina Oril Lawrence, h. 
Ruby Miriam Lee, a. 
Martin Lefler, a. 

Dorothy Dodd Lepper, h. 
Ralph Jay MacVean, a. 
Anah Alfaretta McCool, h. 
Ione Whitmore MckKillen, h. 
Alice Emilie McKnight, h. 
Franklin Jay McNall, e. 
Ralph Paul Maloney, f. 
Florence Jean Manning, h. 


Ernest Lawrence Markley, e. 


Irene Christine Marthen, h. 
Carl Frederick Martin, f. 
Julius William Marx, e. 
Edward Isaac Matson, e. 
Ottilie Louise Matthes, h. 


Burton Clifford Mellencamp, a. 


Ellwood Manning Nelson, a. 
LaFern Viola Merrill, h. 
Allen Frank Monroe, f. 
Theodore Davie Moss, e. 
Victor Moore Nagler, e. 
Thomas Jerome Navarre, e. 
Morris Alfred Nelson, e. 
Ruth Emma Newman, h. 
Donald Fred Nickel, e. 
Ubold John Noblet, f. 
Edward Payson North, e. 
Russell Rawson Palmer, a. 
Esther Mae Parker, h. 
Helen Dorothy Parker, h. 
Ralph Alexander Paton, a. 


Robert Francis Blatchford. 
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Samuel Hadley Patterson, a. 
Martha Helen Perry, h. 
George Robert Phillips, f. 


Ronald Stewart Pocklington, a. . 


Thomas Baird Poole, a. 
Lowry Oliver Porter, a. 
Bernard Remi Proulx, a. 
Harold George Putnam, a. 
Stanley Shugarts Radford, e. 
Mary Emily Ranney, h. 
Edna Ray, h 

Reid Leicester Rayner, e. 
Fanny Elina Rentola, h. 
Percy Lumon Rice, e. 
Donald George Robinson, e. 
Ruth Merrill Rowland, h. 
Bertha Sanborn, h. 

Ethel Roxana Sayer, a. 
Arthur Rashleigh Schubert, a. 
George Francis Schulgen, e. 
Eileen Janet Seble, h. 
Herman Emanuel Segelin, a. 
Marion Lucile Shane, h. 
Lloyd Arthur Sheffield, a. 
Warren Karl Slaughter, a. 
Mare Humphery Small, e. 
Arno David Smith, a. 
Ezekiel Jay Smith, e. 
Forrest Allen Smith, a. 
William James Smith, a. 
Rufus Walter Snyder, e. 
James Glarum Stelzer, e. 
Murdo Dwight Stitt, e. 
Owen Stricklen, a. 

Floyd Harrison Struble, f. 
Dorothy Alice Sweeney, h. 
William James Sweetman, a. 
Helen Irma Takken, h. 
Frank Hutchins Thomas, a. 
Margaret Barr Thomson, h. 
Lloyd Massena Thurston, a. 
George Emmons Tichenor, a. 
Margaret Marion Tower, h. 


Marie Antoinette Trevithick, h. 


Harriet Judith Tumans, h. 
Mattie Julia Vincent, h. 
Royal J. Vincent, e. 
William Upsall Vinton, e. 
Alice Delphine Voorheis, h. 
Glenn Irving Voorheis, e. 
John Dewey Walker, a. 


Catharine Elizabeth Watkins, h. 


Charles A. Weckler, e. 
James Robert Wellman, e. 
Roy James Werdon, a. 
Ruthford Henry Westveld, f. 
Flora Ida Wettlaufer, h. 
Victor Ira Whittemore, a. 
Harold N. Wilhelm, e. 
Dorothy Ethel Wilson, h. 
George Edwin Wilson, a. 
James Dean Wilson, a. 
William Ralph Wilson, e. 
Cheryl Windes, h. 

Joseph Reginald Witwer, f. 
Herbert Lee Wright, a. 
Ward Lavere Wylie, e. 
Dorothy Martha Yakeley, h. 
Sidney Howe Yarnell, a. 
Manley Elijah Young, a. 


DOCTORS OF VETERINARY MEDICINE. 


Ralph Elmer Hammond. 
Paul Veloice Howard. 
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Harry Buchman. 
Harry A. Weckler. 


MASTERS OF SCIENCE. 
Hung Chun Chang. 


Christos Demetrios Christoulias. 
Sarkis Garabed Der Sarkissian. 


Otto Herman Friedemann. 
Romine Carl Stoll. 
Grosvenor Ward Putnam. 
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MASTERS OF AGRICULTURE, 


Elton Brainard Hill. Sais as 
Eldon Eugene Down. y rowne 


ELECTRICAL ENGINEER. 


Emerson Allen Armstrong. 


DOCTOR OF AGRICULTURE, 


Robert_Sidey Shaw. 


DEGREES GRANTED AUGUST 17, 1921. 
MASTER OF_SCIENCE. 


Hohei Funayama. 


DEGREES GRANTED JANUARY 17, 1922. 
BACHELOR OF SCIENCE. 


Henry Lockyer Broan, e. James McKinle -Gorsline,.a. 


Willis Campbell, a. Marie Frances Corcoran, h. 
Myron Van Gleason, a. Dorothy. Margaret Thorburn, h. 
Wayne VanEman Palm, a. Leon Ward Schroyer, e. i 
Floyd Alonzo Prentice, a. Marshall Gideon Draper, e. 


DOCTOR OF VETERINARY MEDICINE, 


Henry Ahnefeldt Goss. 


SUMMARY OF DEGREES GRANTED DURING THE YEAR 1921-22. 


BACHELOR OF SCIENCE, 


Apriciiltiiral: GOUTSe s s'2.0FS cag eire Stites, oe open cuslialinlet apal ee seat Csi one) se esl eve ahcnceottbentioronsens 74 
WU PINEECTINGY COUTSC Orso «scree ee eechens oo eNeomeke es Mea eR ee ee i ol yhici-et"s veyave se erebajenevauenerempis 73 
HGINe ECONOMICS’ COUTSE she ake Syaferet sth career ele ae fo Oe We oer etewtal co ety ie'\auletre serie gene ee nee 68 
OTES CTY COULSE safe cictoeee eee eC Se ea ere a ea aha ae era ET eee Ele cre Ste tan eeen eR omenonate 17 

WS ita Hf leet aka Gr On tae AE AAC aR RRL MPSS os 1a tI ot Sea RE Boe, shat het as Le 232 
Mochor ols Veterinary WIEGIGHIE  t:ic2-. cocce ee cosets ore OPER rere ate, o casei tile oat ep eliay ste hey Meee aie 6 
INTARLSTAOL SCLEN COS saa wienc sate e encod ne ccusoeneere ecole: Pete MRR ENTE ERT Ba ate Sivek ne ea ore eee grey ee 7 
IBTGLESHION Al MDELTEES Nii ners snc oee el nate mle eer ate en ohe cede. PERN eEe acs © bres Gre a ep ene hccmeR IRIN at 
EVONMOLALY LD) CLTEE Asta notte e tre my eye sitter es Sheiauele ake ate REG Rk OES ee ee eR Oeics aon ee 1 
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Respectfully submitted, 
ELIDA YAKELY, 
Registrar. 
Fast Lansing, Michigan, June 30, 1922. 
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REPORT OF THE LIBRARIAN. 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: 


I have the honor to present the following report on the Library for the 
year ending June 30, 1922: 

During the year additions have been made to the library as follows: 
Of bound volumes, 840. Of this number 387 were added by purchase, 245 
by binding and 198 by gift. Of unbound volumes and pamphlets, 74 were 
received for which acknowledgment was made. 

For gifts of bound volumes we are indebted as follows: 


American Railway Assu., 1 
Boyd, J. 1 

Calumet Baking Powder Co., 1 
Cotter, A. 1 

Cole and Geddes, 1 

Colorado, 1 

Doubleday, Page & Co., 1 
Farm Mortgage Bankers’ Assn., 1 
Farm Journal, 1 

Giltner, Dr. Ward, 1 

Gardner, Victor R. 1 

Girl Scouts, 1 

Home Economics Dept. 82 
Towa, 1 

Illinois, 4 

Kkansas, 1 

Lowe, HE. P. 1 

Massachusetts, 1 

Maryland, 2 

Michigan, 38 

New York, 23 

N. Y. Life Insurance Co., 1 
Nebraska, 1 

National Agricultural Conference, 1 
Successful Farming, 1 
Schutz, C. F. 1 

Smithsonian Institution, 3 
University of Michigan, 1 
United States; 4 

Vermont, 1 

Waltham School for Nurses, 1 
Yale University, 1 

Unknown, 4 
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The College library subscribes to 229 periodicals, and the Experiment 
Station to 45, all of which are filed in the reading room. In addition 
to our paid subscriptions, we receive a number of publications either as 
gifts from publishers, or in exchange for our own publications. The list 
follows: 


Aberdeen Angus Journal. 

Academy of Natural Sciences, Phila., Proceedings. 
Agricultural Gazette of Canada. 

Agricultural Gazette of N. S. Wales. 
Agricultural Review. 

Allegan Gazette. 

American Bankers’ Assn., Journal. 

American Farming. 

American Food Journal. 

American Fruit Grower. 

American Miller. 

American Philosophical Society, Proceedings. 
American Poultry Advocate. 

American School Board Journal. 

American Seedsman. 

American Sheepbreeder. 

American Steel and Wire Co., Crop reports. 
American Swineherd. 

Australasian. 

Australian Museum, Records. 

Bean Bag. 

Belding Banner. 

Berkshire World. 

Better Business. 

Better Fruit. 

Board of Agriculture, (London) Journal. 
Board of Agriculture, (London) Leaflets. 
Boletin de Agriculture, Sao Paulo. 

Boston Museum of Fine Arts, Bulletin. 
Brooklyn Botanic Garden, Leaflets. 

Brooklyn Botanic Garden, Record. 

Buick bulletin. 

California Agriculture Dept., Monthly bulletin. 
California Acad. of Science, Proceedings. 
California University, Publications in Agricultural Science. 
Salifornia University, Publications in Zoology. 
Canadian Horticulturalist. 

Chester White Journal. 

Cloverland Magazine. 

Commerce Reports, U. S. 

Congressional Record. 

Constitutional Review. 

Dairy Record. 
Dakota Farmer. 

Detroit Educational Bulletin. 
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DuPont Magazine. 

Duroc Bulletin. 

East Lansing Community Life. 

Eaton Rapids Journal. 

Electric Traction. 

Electrical Trade. 

Elgin Dairy Report. 

Farm and Fireside. 
' Farm Journal. 

Farmers’ Advocate. 

Farmington Enterprise. 

Field Illustrated and System on the Farm. 

Florida Entomologist. 

Flour and Feed. 

Flower Grower. 

Fruit Belt. 

Grand Rapids Public Library, Bulletin. 

Guaranty Trust Co., Letters. 

Hawaiian Forester. 

Highway Magazine. 

Hoard’s Dairyman. 

Holead. 

Il Giornale d’Italia Agricole. 

Illuminating Engineer. 

India Agrl. Research Institute, Pusa. Bulletins. 

India Agrl. Research Institute, Pusa. Agrl. Journal of India. 

India Agrl. Research Institute, Pusa. Memoirs, Bacteriologie. 

India Agrl. Research Institute, Pusa. Memoirs, Botanical series. 

India Agrl. Research Institute, Pusa. Memoirs, Chemical series. 

India Agr]. Research Institute, Pusa. Memoirs, Entomological series. 

Indiana Farmers’ Guide. 

Indian’s Friend. 

Indicator. 

Ingham County News. 

International Institute of Agriculture, Annuaire International de 
Ststique Agricole. 

International Institute of Agriculture, Bureau of Economic and Social 
Intelligence. 

International Institute of Agriculture, Bureau of Statistics. 

International Institute of Agriculture, Bureau of Documentary Leaf- 
lets. 

International Institute of Agriculture, Bulletin of Agrl. Intelligence 
of Plant Diseases. 

Investment Bankers’ Assn. of America, Bulletins, 

James’ Barn Magazine. 

Japan Review. 

Jersey Bulletin. 

Johns Hopkins Univ. Circulars, 

Johns Hopkins Univ. Studies. 

Jonesville Independent. 

Journal of Agrl, Research. 
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Journal of Agriculture, Victoria. 
Journal of Agriculture and Horticulture. 
Journal of the College of Science, Imperial Uniy., Sapporo, Japan.. 
Journal of the College of Science, Imperial Univ., Tokio, Japan. 
Journal of the Dept. of Agriculture, S. Australia. 

Live Stock Report, (Clay Robinson.) 

Market Growers’ Journal. 

The Market Reporter. 

Message of the East. 

Mexican Review. 

Miani Conservancy Bulletin. 

Michigan Business Farmer. 

Michigan Farmer. 

Michigan History Magazine. 

Michigan Library Bulletin. 

Michigan Patron. 

Midland Naturalist. 

Midland Sun. 

Missouri Botanical Gardens, Annals, 

Moderator-Topics. 

Monthly Bulletin, State Commission of Hort., Sacramento, Cal. 
Monthly Crop Reporter. 

National Education Association, Bulletin. 
National Farmer. 

National Grange Monthly. 

National Provisioner. 

National Stockman and Farmer. 

National Weather and Crop Bulletin. 
Nature Study Review. 

N. Y. Botanical Garden, Bulletin. 

N. Y. Meteorology, Drapers Hourly Readings. 
News Bulletin. 

Official Gazette, U. S. Patent Office. 

Ohio Farmer. 

O. K. Poultry Journal. 

Open Road. 

Orange Judd Farmer. 

Pacific Dairy Review. 

Pan-American Union, Bulletin. 

Panama Canal Record. 

Philippine Agr]. Review. 

Philippine Agriculturalist and Forester. 
Power Farming. 

Practical Farmer. 

Prairie Farmer. 

Professional Engineer. 

Progressive Farmer. 

Public Health Reports. af : 
Reclamation Record. Pye acts EE SAAS Ee BT ae 
Reliable Poultry Journal. HE A ane ED 
Rhodesia Agricultural Journal, #LSS bie 22 
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Rice Institute Pamphlet. 

Rockefeller Institute for Medical Research, Studies. 

The Rotarian. 

Russian Information Bureau in the U. S8., Bulletin. 
Science and Industry. (Australia.) 

Seed World. 

Shorthorn in America. 

Smithsonian Institution, U. S. Nat. Museum, Bulletin. 
Smithsonian Institution, U. 8S. Nat. Herbarium, Bulletin. 
Smithsonian Institution, Misc. Collections. 

Successful Farming. 

Sultanic Agricultural Society, Bulletins, (Technical section.) 
Union of 8S. Africa, Journal Dept. of Agriculture. 
Wallace Farmer. 

Washington Farmer. 

West Indian Bulletin. 

Washtenaw Post. 

Wilson Bulletin. 


The publications of the United States Department of Agriculture and 
of the various agricultural experiment stations are received and filed 
in the library. We receive the catalogues of the leading educational 
institutions in exchange for our own catalogue. We also receive from 
the United States Superintendent of Documents such publications as are 
sent to depository libraries. 

We gratefully acknowledge our indebtedness to the librarians of the 
University of Michigan, The John Crerar Library, The University of 
Chicago, The Johns Hopkins University, the United States Department 
of Agriculture, and the United States Surgeon General’s Office for their 
courtesy in loaning to us certain publications needed by our research 
workers. ; 

The number of books loaned for home use during the year was 9,876, 
an average of 817 per month. 

The work in the reference department has increased materially during 
the year. We now have package libraries covering 362 subjects, ready 
for circulation. Five hundred circular letters have been sent out, and 95 
package libraries have been loaned. Bibliographies on the “Preserving 
of Fruit,” “Millinery,” “The History of Table Service,” and “The History 
of the Plow” have been prepared in response to requests. 

We feel that the package libraries are quite as much appreciated by 
our students and faculty, as by the people away from the College, since 
they are in constant demand, and we also feel that this new venture is 
quite worth while. 

In August of 1921 the Dean of Home Economics transferred to the 
general library all books belonging to the department. These books have 
become a part of the library, and there is no longer a library in the Home 
Economics department. 

For the members of the library staff I have only words of. commenda- 
tion, and I desire to thank them all 40r their. loyalty, and splendid Co- 


‘operation. 


The Experiment Station pea erows but slowly. Of pond Palgnice 


114 STATE BOARD OF AGRICULTURE. 


146 have been added, of which 11 were purchased, 7 were gifts, and 128 
came by binding. Of the books purchased, all but three went into depart- 
ment libraries. 

The College library numbers 40,509 volumes, the library of the Experi- 
ment Station numbers 5,079 volumes. Total in both libraries, 45,388 
volumes. This number includes department books so far as they have 
been catalogued. 

Respectfully submitted, 
LINDA E. LANDON, 
Librarian. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE HEALTH SERVICE. 


To the Honorable State Board of Agriculture and the Health Service 
Committee : 
We submit the following report of Health Service activities at the 
Michigan Agricultural College from June 20, 1921, to June 23, 1922, in- 
clusive. 


- STATISTICAL. 
Dispensary Hospital Total 


Dispensary Calls ....... EAT its ate ees 6,059 T72 6,831 
Wew Patients... ae Oe ae ee 1,402 1,402 
Ewe DIASHOSESE. Ah coctee Bie ae eke cape 4,039 4,039 
ineporbed Woon Calls es Wee ee, See eae 73 
Fosprtal? Bed Patients’ 2205 ae es 170 
NDGA US ee terete tae one ere e ton tees ote chan aie 1 

N. B.’ Figures are based on average attendance per term for the year. 

DISPENSARY. 
Nam ber Of -EPEALMEM TS OWED se bee ieee oiahc Gente a aS fous ois <a keeel egreuataes 6,059 
aM MANOR AOR) collec Mecca Re ale foes aunts Ok cer Re Res sos «5 3 ae 25.6 
Percentage of calls based on Tegistration. prion...» y's claus edetages 427.0 
Percentage of patients based on registration ................... 99.0 
HOSPITAL, 

Total number Of patients aieck eso) ce Saco cise tie ee fone sina Awd EE 170 
Average number of days per patient’...............625 Jaees wet Xe PO 
-Percentage. of calls based.on. registration .....:........00+- 2 ie Kp 


Percentage of patients based on registration ...........++-e05 ons ARO 


a 
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LARORATORY. 
nae REM ELE TCE NER cei stents be See Unc: 6 Set EIS, are henge oe 6 eee 


Sputum ....... seiner sigan cieeres 


MOP COWL 95 ccacd)a'as «telat inle wh aveite 
Smear, tonsil 


Meera UNTORT axis ietmie stave’ ass a 


Culture, blood ..... 


Culture, purulent ex cudate 2 Hi 


Bis\Ae seLae dey ©) Si0ie, (ee. 6 . 


Culture, throat 


Abscess...... i Gu ogee Rpueieroctirs Mi Aptoditiartaice 
BNUUT Come een eh cece ard bys cig ayuiceieeraatie aanaceiens losaeayeeere 


RE HOLGLMOULNGE Ree mens Ancor cae ee koe: 
ES ELEETRTTISIGS &  9 aS OU EAR Aa st a 
Albuminuria. . dace PES eee IEICE COS 
PSHE CIE MR Pritt ik res lenin ec Uae aA cre oe 
ATTRA TITGT TE Cia.) 2 Cay RE OS eR OS ea Tes a 
SATTTENG 21g tet OA OP a Es ob Dele Vo may 
ATAPUVIAKIGG ees ase Fer he eca ey eno hotest ee 
PAUATITAN TE CLODIS 8 Pecits cite niclalade art crass aerate a rene oe 
GREG IUIRCASG MAG Se ne eer east mee aleseniale ne 
POMOC TE RULGICAGION A )s ktins sc ME apead.ts dade keane Pes 
PAT DANGTOMIS CULE: saycieraa icin lbarcie Oetne ameteaL aes : 
ND DBUCIOMISHCHTOMICI ae sock nein cr se ene ees 
ESSA STEN ey, CR Ns SR Ae eee Se RCN Pas pane 
PNEHITIVISRACILG A cieitininic tres sanih etree Bile Osa el ote : 
PATUDTEMISMOISSOR Hae st atcies vca.ule ots cis taictees Meee Pee 
ELEM ODA eee reco roses Sake Stadhera le iten 
JASE Rite Snes Barer) eee RIA ior Cate ae a ee 
ENUCOYS) VSS SOE ROBES es Sener wi tthe: 
FANT ODLWARLORLIGIOLY aciossicivisroe cmiak vie bce cone en bret 
Attached lobes. ..0.: 000. ¢.<.008000- ; 


LSUTAYS FDS: Sons Soe SR a Rr ae cere I ee 
BO Wrleraeeterntow. icon ciao rate cm meted ; 
BroOnchivinnaCutelens hela aerate tates ce aes 
BrOveMibiIs, CUTONIG fea ti4: eden tcicse 4. ote. 


LEX DONO), Sen cat PR Rare SM ee Nae oe ee ere 


@anbimelet ics ss.ce 2 Re ence iacaleren etek ecto 4 Se 
Cardiac decompensation........................... 
Pe R ase cet oes Oy ert bes eae 


(CHET eRe ee ee oar Me Lv ek OR Fak Ae Oe Det 
( Cla) NUE ered SMe iced oho Ree Gy i ein rt Pi aaa, Ur 
PB ONTUNGUIMECIS A CLILG aster went sons ere Tea 
DUSHIDALLO en. ae ries ere eed aa Se TA oon ae 
(CORNERS is See ae eine aoeanen ae COP OR Ue. Comer Go egy ee 


Wea fil esa ene Satan ne Eat pba 2 \ a im ee ghey ae hes 
WentaliCariese tesco ee he ae ea ieee kines 
Dermatitis, medicamentosis........................ 
Menmati tis: SeDOrENOLC. cc se ne eens City eee ort 
Dermatitiss-venenathy: cas ve ave we lk Pelee aekaaes 
Mavis teckseptuuineeys cr Secrentne aerate lela irons 
Disbetesine: scemeet token Menswear tiene ere 


DUI aaa: boncip ba S SON Mein aroamtncoweemeU nee 


Dislocation, 'conzenitalihips:. 26. .....4s0.seeee ee as 
WV RHIC NOSISS Sey ee aT aay Ste lies Se Leet ae 
I Garrien ONRN GS Mees ip tye een wet eh 4 NR Bet, 


Blezeminibey setae on wise rats socks espa eee oh 


Epilepsy. RO OH CRD ODO EDO Aa TS NO tERS A Ine cut titan ii 
LETDISTALRIS Mate tne wane Stet ah tote ete een has hee cara hale 
Bini emid. CXUGATLVE ees tales leekin stood Colorelca teva cle 
byrvihemawnodosimisey: 4.y23 sic acer kjatree nade soar 
Einy theme toxicities cue aes tees 
Pixtraisystole tutes aden oto eae 


oS 


i] 


_~>_ — 


RE POSH ORMON WE Pete eet to 


o 


bo 


w bo 


= 
ore bo ee ts Coie ROMO wWW NRO Pte 


ao 
NR oR NOS 


@ te) (0) (@ fe] =) 10) 9 whe) 0 0) @ ‘o e) oie me (avi¢: 6.8) a4 ©. ele 6 
. . . ee ee . CVO. Doe co 
Ghia) e''el),8),0),'6! 6. |) 6 erjejerel (oe \6 . . oa 
@8 ee « ate . afer s| (a (e!/01,6)«, 6a) abe oe ee ee 
ae . o- eee Chota Stee) te ee) see 
Gps) ei w) ee) s « leven e \6,\s eee eee ee eee eee ce 
sane! ©, lebelye . eee cee . se eee *) «<0 


Mracture’ We wmcne audticciciehitoar dati ora mee el alana 


Goltre Ay ores ere ee yh ce raent tl cs Mepone 
Golireexanlithalmigto eta eke. cota oe 
Gonortheae specter tee tree Aches a Ime 


Hammenstoet : payin cae eee hee ee ee 
Heartiblockteees a3 sae ee Ceaser eee ae 
Hemorrhareieastrice nee soon te tos Sk etek 
Hemorrhords: asian satel apeen eee eet ee 
ORnIa AA Sey oh tee Orem en to ar 
Herpes: simplex’ 3S\,%.10,: ck a eee eee 
Herpes: Z0sten sce ste cea ae eee ee ee 
ERT CCOUZHEE enays. Caen ee eee 
iMordeolum==speease. eens 
Hivdrocele senate oat: 
Hygienic advice.......... 

Hy peracitityas: seen oe cee ae 
Hyperchlorhydria........... 
Hyperhidrosis........... 
Hypertension. . corte ats 
pores cn cardiac........ 
Hysteria. . Ree oy 


Iliosacral arthritis. . Pes aunts ee, Ee ae 
Immunization, anti-diphtheria_ eee ees a. bE RS e 
Immunization, anti-furunculosis 
Immunization, AD tI=UVDOOIG ea te ee eee oe eee 
Impactedicenumentars seeker tae ei 
Impetigo\contaeiosaee a. -% fees ee lose oR a ey 
NFA CtIOT aCe es eee cep he oY rite hn ehh thee ly ee 
Aniflitengace eter sen cite ik eee ele ee ee 
Ingrowing toe malerte nai Garces: voacuel es 
MSE Ct bitowte epee RTO tee aks dase ama 
UTISOWMIT DI rae ee A Sere Tee Ne cp a aaa 


Jaundice, acute catarrhal........................:- 
JOUMPRIMOUBE area irae Ce ae tae | gi cet meee 


Keloidiicc. sttccaauaeek.s eee Oe ae ic mee ticks Oe esa 


LaGrippe...... MS EDS Pare Coy. i ie Ss ae ceri 
Maryn tisn ac ee want, ycosck sine a et eee 
Tosttfingers’ hee seen toe Rede even Greees ¢ Sate 
Rivanphatenthists artis Neca ee ee metn certs os 
Lymphaneitis ts sea ase een s otees Soreeee nse 


IMeaslesin: § Sueeirrearmerer nia tr abtasia: ce kina dan ars 


INTO Che pean pace ane ORO: ce Cee Ronee ne 


IMiralliz seers neice ee Pera ce Sens SR Ee 
Niveal ota iratini AiG arene eerie ser aici errant tects 
My OGANCItinitee eat tats Soe ay a ome eee bebe tater 
Mv rin fis terest eer y cio sted rersiee tetas nacaoe uistereteras 


Naso-pharyngitis, Atute... 0.62.62. cee cess vale eae 
INGpuITtIeaaCiternic see eericri cet esa es ata 
Nephritisnchronic i aehicci vies cc cte saeeint Bee 


— 
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IN GTITIGIS oe lente cate Poteet orien on aaa eere 1 Scoliosis ttn nen kccet eee Ae ee eee 8 
Neuritis; multiples ee easter en eres seine ae 1 Scopomarscmtillating.. tee. soe ce eee 1 
Night blindness): secs ccpaes wer cic reams 1 Seborrliea ys se sesiele. oe «ash geek Gee fone Coe 1 
INGidiseasesen eee etic tees ae ent eee 32 Dhloe pressures)... ccs sc heecitiaa alc ole cites Cee 2 
SINUSIbISHACULOS. skso: vile Be heehee 34 
Obsenvahlonee cece are Lae hace See eee ere 55 Spermatocelesns. ccs soe sacs see nee e ee ee 1 
Ony GhOMYy.COSIBs. hae tenon oe een eee 1 Spondylitis vie odes. he mcd dl hose nar ore Oe 1 
QOOphorttas’. ok pees cele cram Seteans isle te se eeierstetae 1 SSDIAIN NAA earteolols oisie lars et eee eee Ce 54 
Orchitistacute sa ces once on Sere eons retest ener et 2 Hira DIsMuUs hss t cs socins cose urseeeee eee eee 1 
Osteomyelitisy ost te ace cee is etoeto oo create er stares 1 Sunburn 5 os de ines bes oadoeeh cape eee A 
QOtitisimediasactite==s-nccees oe ote eae cle ee eile 10 ‘ 
Otifismedia, chronie i. ssn ce seuee ee eee Se ee 5 Machy cardia. c.0cccs css acceeas eter tR thee ee teee 12 
WenOsyMOVitis cui. Si wt asc aitvas CAC eee Oe ee eee 6 
IPAFGLY BIS fo dicate ecu eee me ota ae le iat as roles See 1 Phrombosia) tis Pods 22 eee eee 2 
Paronychisceeecencn bin caeee one men mses ececer 2; ) se Lrhyorditis, suppurative: a. 5 emerice aie aeeeenae 1 
Perforated seniimsser cee eee er cece ne ioe ote 2 Sanea axillaris. so sscne re ocmose comer cee eee 1 
Pericardial ef usiomene sseue lee selectins creas tena ole 1 AINGA TOICINALA Scie cceal een oto ce eee eee eR eEeee 1 
Pericarditigaes cin cancer acre OSC aN incre ntesk steers 1 MPINES} (CF UNIS: 2 -./sscnecicssiess Ga wisse essen eee ee 22 
Pes Plans iss. co soeein eee ata Ce ioes mobeeree acre 4 shined RVers COMOL. 5 0i.\.:\0)sars ences seaicidese nee eee 4 
Pharyngitisy acutercseccecet scenester 243 Monsillitisla cute. scsccscnaceemaccunis eee ree 76 
1ditin eps apAenes ab AOL ho booe no mocccDeaconson.'s 6 shonsiliitis;ichronicssecceteomene. career nee ere 165 
PhysrcallexamMimMavloDeewne ce sete isesieeer)-\e eiare eres G14 yg Tracheitis,\acute;y.sass aqarsoe: aac eae Cee eee 176 
IEIbYDIASIS TOSCA SER ene ietien tiem creel 1 ire) eee 3 PUPANIIN A Sic sare dh qako et eerie Sar eee eee 212 
(Plantar Wart saves hon colle oeiee ates Sianeli op eters 8 Terehophy tosis; profunds... .. 2acc ss su nceeaceee eee 1 
PIGUTISYAe Seree ene cone ae ee ee eeP eae 14 uber culosis,. healeds.7.4it..ncs cn cee eee eee eee 6 
IPTELITNOIID jasc soto ee aos cleaves hee Se tate Biel sete ta inte 4 Tuberculosis; suspect: 2. .uc)cs secs onsoncn ae ee eee 1 
ROLyantDritlnses see eee water nie aaeseteie ieee ee 1 
IPRUTILISANINT ae Meese iat on os ee elie eee ae 1 UWleerce. vec ook ene etieee ee eee 8 
PP SOMTARIS ere ese lire ors ak clo eee oid Ck Pen ees ei 1 leer gastric. fis. chee) Seance cen an Lee ee 1 
Py Clits ated antautt ocsrays a oes Screen eae 1 Undescended testicles..............-2++-0+: Tee 2 
Piorrbeast iiss urtyataiewae coreloete ts ook re mado eeeeniereh te eeetaa 1 Unerrupted! molar. 20:5. 65 Mt. aoe ee 13 
Urtehritis. Siac dene eee ou eee 1 
(AIH pea Rabin Be UeRsabo nc oabu ae DHE coco fo! a7 5 
Vaceination es isto0. cen 5 «cores elke Nels eee 163 
Refer; private physician.......-...-....6.----s0-06 40 Vaccination mspections snc: +> enacts 129 
Refractive error ists. wees an eae eee wie cet Ree 129 Vaccination refisedyi.)).2 cake ue hdenee ee eee 20 
Residual ant. polio paralysis..........-....--+---- 4 Varieocele.® co cab ca< tive cid oe teat ices oer ae 11 
IRGtrOvErBION creche hee ie a catere drelpiretete sis a eteehaiete shee 3 MeOrTUCGa 55 Got eiGe ek Son ee ean eit ae eee 15 
RhMitis' acute Ao esatis nc evecare nie Gine miata crake ets 216 Vincentsianginats. ct ce costs octane 5 
bella: etree torte atch cle eteaea occa amen 1 Vitiligo tone tab becca cece cere eon en oer 2 
Gea blea his tok Aah avaeaeawh cieie Bo wloaare leis rere pea 28 Whoopitig\cough-) 2.7. 2. ste tfadcis coe ee eee 1 
Qcarletfever cout cen ocae is ciao cee mee Lee eee 1 Wound: eunshobe nt ie scccsic cnn oe cen eee ged 1 
Gelatl Cacia ere ati sate be cxtcacoehartsers eC ae eee eT 1 


Respectfully submitted, 
CLYDE REYNOLDS, M. D., 
Director of Health Service. 
Fast Lansing, Michigan, June 30, 1922. 


REPORT OF DEAN OF APPLIED SCIENCE. 


President Friday: 

In presenting the first annual report of this newly established division 
I feel it proper to devote some-attention to the history of the development 
of scientific work both in instruction and research at M. A. C. in order 
that it may be understood how the establishment of this new division 
may be seen as a natural developmental outgrowth of the policies in- 
herent in this College. 

The idea which permeated the addresses given at the opening exercises 
held here in May, 1857, was that science must be applied to the solution 
of agricultural problems, that the newly founded college must strive to 
discover new facts of practical value to farmers, in addition to giving 
liberal courses of study to young men in which the known principles of 
physical and natural science were to be taught with special emphasis on 
their relation to the practical affairs of life. 

It was to be anticipated that as the College increased in number of 
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students the Departments of Botany and Chemistry, which were the two 
scientific departments first established, would not only be greatly en- 
larged as attendance increased but that other related subjects of scientific 
inquiry would be organized into separate departments. 

In the founding of this College the State was not niggardly in provid- 
ing adequate scientific equipment. The north half of the first floor of 
old College Hall was a well-furnished chemical and physical laboratory 
provided with up-to-date (1857) apparatus, this equipment being compar- 
able in extent with that possessed by any college in the middle west. 

The large (48 inch) plate glass wheel of the frictional electric machine 
mounted in a solid mahogany frame was enclosed in a large blue-curtained 
glazed case and occupied one end of the rostrum of the College chapel. 
It gave the student, while attending daily prayers, an inkling of how 
deeply he would be enabled to penetrate the mysteries of nature in the 
newly established Agricultural college. As a small boy I regarded this cab- 
inet containing the wonderful electric machine with much of the awe 
with which the Jews regarded the Ark of the Covenant, and I have little 
doubt it was equally impressive to the incoming student. 

“Learn by doing” was the motto of M. A. C. from the outset. Thus the 
requirement from each student of three hours manual labor on the farm 
or garden, daily, in the afternoon, while in the morning hours his time 
was devoted to class recitation and laboratory work,—the latter being 
emphasized to a hitherto unheard-of extent. (Example: a three-hour 
period devoted to analytical chemistry daily!) 

The desire for a separate building for laboratory purposes was first at- 
tained on the campus by the construction of the new chemical labora- 
tory (1871) at an expense of 512,000. This was furnished with hoods for 
ventilation patterned after those of the laboratory at Bonn (Germany) 
University. (This first laboratory building is still in use.) A few years 
later a botanical laboratory of wood construction followed. (Burned 
1888). These two laboratories may be considered as the determining fac- 
tors in the adoption of the policy of separate laboratories for the college 
scientific departments. The results of the scientific researches carried on 
in botany, chemistry and. entomology between 1870-90 at M. A. ©. had 
much to do in establishing its reputation not only with the farmers of 
Michigan but in the nation also. Students were drawn to M. A. C. by 
the reputation which the College had earned for giving thorough training 
in the elementary sciences. 

Continued growth of the College brought additional laboratory build- 
ings—greater demand for time for experiment in the laboratory on the 
part of the student. This demand for time and more laboratory work 
resulted finally in the abandonment of the required labor system (1895). 

Laboratory research in “Land Grant” colleges was greatly stimulated 
by the various Congressional grants known as the Hatch (1887), second 
Morrill (1890), Adams (1906), and Nelson (1907) acts. The immediate 
result of the Hatch Act was the establishment of agricultural experiment 
stations throughout the nation. Naturally many of our graduates be- 
came experiment station workers serving as bacteriologists, botanists, 
chemists and entomologists in addition to a number who engaged as 
technical agricultural experimenters in live-stock, dairying, crops, horti- 
culture, etc. Familiarity with the problems of an administrative char- 
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acter gained by contact with details of experiment station work resulted 
in many of our graduate workers being promoted to the position of 
Station Director. 

The decision to establish a separate course of study of a purely scien- 
tific character was arrived at, not only to meet a desire expressed by many 
students for a curriculum of study which did not necessarily involve 
technical courses in either agriculture, engineering or home economics, 
but gave the opportunity for specialization in some particular science; 
but more than this to provide a course which should attract to it students 
who had the inherent ability to become research workers, not only for 
the benefit of our agricultural experiment stations, but also for the benefit 
of our many industrial and manufacturing establishments. 

I feel that what has been accomplished by this institution in the devel- 
opment of scientific workers in the past, can be largely augmented in the 
years to come by the opportunities offered, and the more specialized 
training given, by the courses of the Applied Science Division. 

Beyond the first year the curriculum is entirely elective, although the 
sophomore student is restricted in his elections in order that he may be 
prevented from too great specialization. The work required before grad- 
uation from all Applied Science students is: chemistry, one year, English, 
one year, mathematies two-thirds of a year, physics two-thirds of a year, 
drawing, economics each one-third of a year, history one-seventh of a’ 
year. * || yl Bl 

Beginning with the junior year, a major and a minor subject is chosen. 
For 1922-23 the following are offered as majors: bacteriology, botany, 
chemistry, economics, entomology, history and political science, mathemat- 
ics, physics and zoology. For minors: English and English literature, 
modern languages, geology, physiology. A major subject requires twenty 
or thirty credits work per year; a minor, ten or fifteen credits. Addition- 
al to this major and minor work the student is guided in his selection of 
other subjects by the advice of the dean and the head of the department 
in which he majors. 

The enrollment in the course for the current year totaled one hundred 
and twenty-two students; men, one hundred and nine, women, thirteen ; 
classified as freshmen, ninety-eight, sophomores, twenty-four. 

The Faculty Committee charged with the responsibility of organizing 
the curriculum for the division consisted of Dr. E. A. Bessey of the 
Botany Department (Chairman), together with Professor E. H. Ryder 
(History) and Professor L. ©. Plant (Mathematics). The plan as 
originally submitted by them was adopted by the faculty April 8, 
1921, and has not been changed so far with the single exception that the 
number of major subjects has been increased from four to nine. 

I believe we shall see a continued growth in numbers and interest in 
this new venture. The effect on our undergraduates already is to en- 
courage them to pursue graduate courses—to come up higher. 

Acknowledging heartily your cordial co-operation in this promising 
field of work, I respectfully submit this first report. 

FRANK S. KEDZIE, 
Dean of Applied Science. 
East Lansing, Michigan, June 30, 1922. 


DEPARTMENT REPORTS. 119. 


REPORT OF THE DEPARTMENT OF BACTERIOLOGY. 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: 


The only changes in our teaching program during the past year are 
those resulting from outside influences. Changes in the curricula of the 
Home Economics course have brought to me an extra class in Bacteriol- 
ogy 1, spring term, and juniors in Food Major and seniors in Vocational 
Home Economics who will be required hereafter to take Sanitary Science 
14 instead of H. E. 33. The Science course has already made it necessary 
for Mr. Mallmann to outline and give Bacteriology 4a, Antiseptics and 
Disinfectants, and has caused each member of the department to proceed 
as rapidly as possible with the task of developing courses in Appled 
Bacteriology covering nearly every phase of the subject. I cannot speak 
too highly of the fine spirit in which the men have undertaken their 
added duties. Their efforts give assurance that the work offered by us to 
students in the Science Course will measure up to the standards of the 
College. These same men are guiding a few—too few—men and women 
in research to the mutual advantage of the instructor and student, thus 
assuring the building up of graduate work of a high and distinctive type. 

The following table gives an idea of the distribution of classroom work 
for the four terms: 


Summer Term, 1921. 


Number of 


Courses. Students. Instructor. 
RESTO LO Gye Via an Bie an cM nae Micassstelajlebe eae > 24 Ward Giltner 
Se MIO ee he toe Seca, och aad iatenee as Gad ene 2 Ward Giltner 
Pee RIOR ests gee aa re wk! oie kes aes 3 Ward Giltner 
1 EAT HEA ad le alin ele ee ae 6 Ward Giltner 
PeaereriOlory 10a. 85d. vse bey eo ssotec ese. 1 Ward Giltner 
HE CRETIOLOM Ye MU pe esl te Vas oe hic ees gue ose bye 1 Ward Giltner 
ee CC IOI Yt sms eee ns oe ee a toatl 3 F. W. Fabian 
\EVRCECU SUNG (sca ie ia ah i ta ee re a a i! F. W. Fabian 
PS erOrloOlomy lens! ont eee oe eh Ree 9 Ward Giltner 
evenly ley kk Ore cig rect Sn ees ae 8 Ward Giltner 
SHC LONG my wee hoo kee et ce ehh wae ik F, W. Fabian 
HEL CLIGNG aoe eee teks Fo rt) Cream ee ne. 2 F. W. Fabian 
AGherlOlaoy rl Oaaraiay 4. tee LO Raa PS 1 R. L. Tweed 


fae LOD PRON cul tage. «A SReOTh 8. F. W. Fabian -- 

Macterol dey 2a ie hs LG ee ee 22 es E,W, Pabiane< 
res 
9 


Soil Bacteriology PUB TS .: R. M. Snyder 
PIyRieno mo ota TAOS Aw 2 a nt 89. Ward Giltner - 


Wve ies af, eh ie lela bf We aie, e, ee ene en a Mage, aF)” 
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Bacteriology: 134.8 2S eee ee 21 Ward Giltner 
BactenoloayWine:t . Vicia wees eee ee 63 Ward Giltner 
Bacteriolosyl0b ss; sree ses eee it R. L. Tweed 
Bacteriology tas: scale eis See eee 119 Ward Giltner 
Bacteriology (2... <2s@e eee. 6 eee eee 32 W. L. Mallmann 
Bactenolory 4:4: a... 4 ets: Ao ee 15 W. L. Mallmann 
Winter Term, 1921-1922. 
Baeteriolosiy lp auee Ac. cee oe eee ep Ward Giltner 
Bacteriology, 2 wae e ease tee ee 14 F. W. Fabian 
IBBCbeTIOlO SY a s-Or yeas fs Nim! = ace 22 F. W. Fabian 
ee TOTIOLOL Yo arn ye tes o> cco Sasi eae 12 W. L. Mallmann 
IBS CRETIO OMY Ce tea. soit ic- er eee 11 W. L. Mallmann 
MACCETIONOSy NOW cS se cpa tee ee 1 W. L. Mallmann 
BA CTETIONOPY MOOS... sc. ete es Cake eee 1 R. L. Tweed 
Avricultural Bacteriology. .*, —. =). eee. 28 R. M. Snyder 
{ES DIG =) halt [3] af ae aMaN ah dee Rene et ca 30 G. L. Ruehle 
PeeCream vise. heise A ene haces eee 20 G. L. Ruehle 
Dairy Eroduchion : iL te ae ost. ba eee ete 30 G. L. Ruehle 
Spring Term, 1922. 
Baetertolooy LOO 3 <i eee Pe ees SF 21 H. J. Stafseth 
BacteriOlosy Wey. Ce) Me ehe Pe  RREIG ee ae 108 Ward Giltner 
Bactenolowy ss. VP, ee” les AS Ward Giltner 
Bacteriolopy G4r4 en hee Gale es clo aae 13 Ward Giltner 
EAE Bae fk SII EEN Gate AOE 1 eres 25 Ward Giltner 
Bacterioloe yy ta iil sek Pa ied eres 3 R. L. Tweed 
Bactenolosy 26s 2% yap ae eae Yair 10 F. W. Fabian 
Bactentology 3b Var Ss Fees 9 F. W. Fabian 
Bacterioloey 2ay oe kee oan a eee eS 42 W. L. Mallmann 
Bacteriology 08's. a PAC ee eee aed 1 L. H. Cooledge 


If I may be permitted to express the departmental view on a matter 
of institutional policy, I do not hesitate to say that the best interests of 
the College and the Experiment Station, servants of the Commonwealth, 
will be advanced by liberalizing our program, by reducing the number 
of hours required of students in the classroom, by employing relatively 
more assistants and fewer directors in research and teaching, by encour- 
aging (even to the extent of compulsion) study, the investigative spirit 
and high ideals of scholarship on the part of all employees, and above 
all by promoting post-graduate work. I need not insult your intelligence 
by listing the merits of these suggestions; they are obvious. A change of 
policy with these matters in mind need not and, I assure you would not, 
mean that the College would depart from its traditional policy of service 
to the people of the State—to humanity in fact—nor yet from its unique 
position of rendering particular service in the practical and tangible 
fields of agriculture and the mechanic arts (with all that these broad 
terms imply). On the contrary such a program, courageously adopted, 
and persistently followed, would, with a competent, sympathetic, and 
loyal personnel, mean undreamed ‘of things for agriculture, for engineer- 
ing and for human welfare in general. 

May I assure you in behalf of the Department of Bacteriology and 


—— a a a 
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Hygiene of the great esteem in which we held your predecessor, Dr. R. 8S. 
Shaw, of his fine spirit of helpfulness in all our efforts and lastly of the 
pledge of our hearty approyal of your plans for the College insofar as they 
have been announced, and of our unqualified support of your efforts to 
bring those plans to fruition. 
Respectfully, 
WARD GILTNER, 
Professor of Bacteriology and Hygiene. 

East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF BOTANY. 
President David Friday, 
Michigan Agricultural College. 
Dear President Friday: 


In accordance with custom, I make the following report for the 
Botanical Department for the fiscal year ending June 50th, 1922. 

The staff of the department has remained the same as in the preceding 
year, except for the following points: 

Mr. Lionel E. Tisdale, Half-time Graduate Assistant, having completed 
his work for th M. 8S. degree, severed his connection with the College in 
the summer of 1921 and took a position at Clemson College, South Caro- 
lina. 

Mr. Henry T. Darlington, Associate Professor of Botany, was granted 
a leave of absence during the winter term for the purpose of further 
study at the University of Chicago. 

Dr. R. P. Hibbard, Hesearch Associate in Plant Physiology, was invited 
by Johns Hopkins University to come to Baltimore and co-operate with 
the Department of Plant Physiology at that institution in the study of 
the salt requirements of the wheat plant. The State Board of Agriculture 
agreed to enter into this co-operation between the two institutions and 
authorized Dr. Hibbard to go to Baltimore for this purpose for the period 
September 1st to June 30th. During Mr. Hibbard’s absence the teaching 
work in Plant Physiology was carried on by H. C. Young. 

At the request of the Plant Disease Survey of the U. S. Department 
of Agriculture, Dr. G. H. Coons, Associate Professor of Botany, was per- 
mitted to go to Washington for the month of January to assist in collat- 
ing the reports on plant disease occurence throughout the country for 
the preceding year, and at the same time to look up the literature of cer- 
tain subjects which have been studied here for several years. 

The past year has seen an increase in the number of students taking 
botany, due in part to the increase in the total number of students in 
college, and in part to the fact that certain new courses were offered. 
The greatest increase came from the requirement that freshmen in the 
technical series of the Household Economics course take one term of 
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botany in the fall term. The course in Elementary Genetics also drew 
a good sized class. 

The necessity of taking over 100 women students for one term only, all 
in the same term, makes the fall term an exceedingly crowded one, both 
as regards demand on the instructional force and on laboratory space in 
which to conduct the classes. If the expected increase in the number of 
students materializes next fall it will probably be necessary to conduct 
some classes in the evening. 

The attempt has been made to maintain the Botanical Garden at its 
former high standard of scientific value and public interest. Numerous 
perennial plants were purchased to replace plants that had died, or 
those of less importance, as well as to add species not represented. The 
aim has been constantly to add, as far as possible, species that are native 
to the State, as well as shrubs not native here but which might be expected 
to be of value for ornamental or other purposes. Still other plants were 
added merely for their scientific interest. 

Many specimens of Michigan plants have been added to the Herbarium. 
These are mainly the spoil of collecting trips made in co-operation with 
the Geological and Biological Suryey in previous years, as well as plants 
collected on short trips and those donated by interested amateurs. An 
insufficiency of funds has prevented the acquirement of many valuable 
sets of specimens which would have added very greatly to the value of 
the Herbarium, for a herbarium, like a library, is of increasingly great 
value as it represents collections from more sources. 

The work on the Flora of Michigan has progressed slowly because of 
lack of suitable help, it being impossible for Professor Darlington to 
devote much time to his w ork and also supervise the Herbarium and 
Botanical Garden in addition to his teaching. However, a number of 
the larger families have been worked over and are practically ready for 
incorporation in the Flora. Professor Darlington has already published 
a paper in the Michigan Academy of Science Report for 1919 on the 
Orchid Family and has the Grasses and Sedges practically completed. 
Miss Bertha E. Thompson, Assistant Professor of Botany, has worked up 
the Violet Family. Professor Darlington and I have been working over 
the Flora of Gogebic County, a region of great scientific interest because 
of its location with reference to western and northern immigrant plants. 

In addition to the teaching and the other work mentioned, a large 
amount of time is devoted, particularly in the spring and summer 
months, to the answering of letters regarding the identification of plants, 
the control or eradication of weeds, and a thousand and one other ques- 
tions which a botanist can be called upon to answer. 

In 1913 some of the advanced students in botany organized an honorary 
botanical society to which membership is open only to those who are 
able to pass a stiff examination in botany. Those who are invited to take 
this examination are picked from those students whose botanical work 
has been uniformly good. This honorary botanical society, the Botanical 
Seminar, in addition to its regular meetings has made it a practice to 
bring in from outside the College some well known botanist to give a 
public address. For the year just closed, the speaker was Dr. Bradley 
M. Davis, one of the Professors of Botany at the University of Michigan. 
The subject of his very instructive lecture was “Problems of the Origin 
of Variations.” 
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The number of graduate students in botany has been small the past 
year, there being only two majoring in the subject. One of these, W. D. 
Mills, Halftime Graduate Assistant, has completed his work for the 
M. 8. degree, while the other, Panos D. Caldis, will complete the third 
term at the close of this summer, at which time he will go to the Univer- 
sity of California where he has been awarded a fellowship. It is gratify- 
ing to note that those who major in botany have been able to find places 
upon the completion of their work here, which would indicate that the 
work was recognized as of good grade. 

In conjunction with Professor L. H. Harvey of the Western State Nor- 
mal School, I have been asked to advise with and plan for the botanical 
work of the Land Economic Survey which is conducting a preliminary 
survey this summer in Charlevoix County and will probably extend its 
field to several other counties next year. 

Respectfully submitted, 
E. A. BESSEY, 
Professor of Botany. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF CHEMISTRY. 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: 


I have the honor to submit the following report on the work of the 
Department of Chemistry for the year ending June 30, 1922. The teach- 
ing staff for the year was as follows: 


A. J. Clark, Professor. 

R. C. Huston, Associate Professor. 
H. S. Reed, Associate Professor. 

B. E. Hartsuch, Associate Professor. 
D. T. Ewing, Assistant Professor. 
H. L. Publow, Assistant Professor. 
P. S. Brundage, Assistant Professor. 
C. D. Ball, Assistant Professor. 

EK. F. Eldridge, Instructor. 

H. D. Lightbody, Instructor. 

W. C. Lewis, Instructor. 

R. L. Baxter, Instructor. 

H. M. Krebs, Instructor. 

M. L. Grettenberger, Assistant. 


The unification of the work in chemistry in the freshmen year of all 
divisions was put into effect this year. This was of great value in that 
we were enabled to handle over one hundred additional students per 
term, with one less instructor than formerly. The fact that only one 
change was necessary in the personnel of the department insured a 
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smoothly working, efficient organization. I cannot speak too highly of 
the fine spirit of co-operation existing throughout the department. 

I wish to speak particularly of the work of Professor Ewing in deyel- 
oping our work in Electro-chemistry. I believe this work will eventually 
attract attention from outside as well as furnish valuable data to Mich- 
igan industry. 

Professors Huston and Hartsuch also have valuable work in progress 
along the lines of animal nutrition and textiles respectively. 

I am co-operating with Professor Spragg in analysis of the wheats 
grown in the College experimental plats. ; 

The handicap mentioned in my last report; namely, the scattering of 
the department among four buildings and congested conditions, still holds 
true. During the Christmas holidays it was necessary to crowd more 
tables and locker space into Laboratories A, C and F. I believe next 
year we can take care of approximately fifty to sixty more freshmen stu- 
dents than we have had this year, but that will be the limit. 

With some additional floor space to be obtained, by enclosing the 
conerete court on the north of the new part of the building, we are plan- 
ning on taking care of the work in Electro and Biological Chemistry to 
better acdy antage, but it must be realized that if the department is to pro- 
gress in any large sense a new building in the immediate future is essen- 
tial. 

Forty-four courses have been offered during the year. The number of 
students enrolled in the department during the year was as follows: 


SMe Ts Deri VOD ay, aos vassals Sic sor eue teen ene ce 6 oe oe ae 3 
Bad eRe A Sais ol cas a sceea/aifor ens me ete ae Ee es ce osuere 73D 
Water: "Dern P22 oes says oteie 8 Se ee Se ERIE RE ee ee ie 956 
Srorinme: Deri, U2 S45. os ole tic aeons wie. 2 eis emmnine nao cefee 705 

A 00 RRS I ls te eR AL ne (2 3 oy) AA NR 2479 


Respectfully submitted, 
ARTHUR J. CLARK, 
Professor of Chemistry. 
East Lansing, Michigan, June 30, 1922. 
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REPORT OF THE DEPARTMENT OF ECONOMICS 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: 


The following is the report of the Department of Economics for the _ 
year 1921-22. 
The total enrollments for the year were 965, distributed as follows: 


By terms: Fall, 390; winter, 260; spring, 260; summer, 55. “abi 
By classes: Senior and junior, 600; sophomore, 218; freshman, 248. 
By subjects: Economics, 804; Sociology, 161. 


The total number of hours taught during the year by members of the 
department was 1354, divided as follows: 
By terms: Fall, 444; winter, 348; spring, 346; summer, 216. 
By subjects: Economics, 1114; Sociology, 240. 
By teachers: Mr. Hedrick, students, 372; hours, 492. 
Mr. Dunford, students, 249; hours, 504. 
Mr. Horner, students, 299; hours, 348. 


The department during the past year has made some creditable gains. 
Some eight or ten courses haye been added, mostly in the Applied Science 
Division,—and a new teacher. Professor Horner came to us from Colum- 
bia University and has had charge of the classes in Applied Agricultural 
Economics. We have had gains, too, in the number of students who have 
elected subjects in the department, as a comparison of this report with 
that of last year will show. A recent interest is shown, also, by the fact 
that some five students have now enrolled for graduate study, using 
economics either as a major or minor. 

Very respectfully, 
WILBUR O. HEDRICK, 
Professor of Economics. 
East Lansing, Michigan, June 30, 1922. 
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DEPARTMENT OF ENGLISH AND MODERN LANGUAGES, 


President David Friday, 
Michigan Agricultural College, 
Dear President Friday : 


I submit for your consideration the following report on the work of 
the Department of English and Modern Languages for the year ending 
June 30, 1922. 

The table below gives the number of student enrollments in the depart- 
ment for the year. In previous reports I have differentiated between mod- 
ern languages and English but have not differentiated between public 
speaking and the courses in literature and composition. This year, for 
greater clearness, I list the public speaking separately. 


English: ; 
petenute ee French. Spanish. German. Total. 
Composition 
Sitmomerw ermal 2 eee ase irene 53 20 1 VD Rene eRPT IPE cece eo 87 
Hall Germ: 1921s hase hee ee 742 143 104 139 10 1,138 
Winter eberm' 219205 3.6. cee ey re 726 274 86 116 10 1,212 
Spring erm), L922 02. tes seater 856 173 75 87 10 1,201 
AL Otal ues sire tated rans tote eRe 2,377 610 279 342 30 3,638 


The number of enrollments for the year exceeds the number for last 
year by 1033, an increase of more than 39 per cent. We lack but three of 
having as many enrollments in literature and composition as we had 
last year in literature, composition and public speaking, and at the same 
time we nae in public speaking a registration of 610. Our increase in 
French is 128, and in Spanish 268. We have handled this large increase 
in English, public speaking, Spanish and French with the same number 
of teachers as last. year, and have in addition given daily instruction 
throughout the year to one class in German, a “subject not given last 
year. I believe that we have given instruction to many more students 
than were handled by any other department; we have also maintained 
several extra-curriculum activities, such as intercollegiate debates, literary 
contests and our dramatic representations. 

The teaching staff for the year was as follows: 


W. W. Johnston, Professor of English and Modern Languages. 
Egbert S. King, Associate Professor of Public Speaking. 

Ray B. Weaver, Assistant Professor of English. 

Norma G. Roseboom, Assistant Professor of English. 

Leo C. Hughes, Assistant Professor of French. 

Omer L. Lebel, Assistant Professor of French. ‘ 
Albert H, Nelson, Assistant Professor of English. 
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Reuben Thornton Taylor, Assistant Professor of English (fall and 
winter). 

Louis B. Mayne, Instructor in English. 

Willard H. Bonner, Instructor in English. 

Lewis P. Waldo, Instructor in English. 

J. Walker Milne, Instructor in Public Speaking. 


In addition to those named above I employed Mr. Lu Willson during 
the winter and spring terms, paying him from department funds. In the 
winter term the extra help was made necessary by an unfortunate un- 
balancing of our public speaking schedule due to a change made two 
years ago in the program of the Engineering Division. During the spring 
term I retained Mr. Willson to fill the gap made in my staff by the 
resignation of Assistant Professor Taylor. 

Two of my staff have resigned. Near the close of the winter term 
ill health compelled Professor Taylor to entrust his classes to other 
members of the department, and by the end of the term it had become 
clear that he must abandon the teaching profession for at least a year. 
Accordingly he submitted his resignation, which was accepted with 
ereat regret. Mr. Taylor is a man of ability, of character and of very at- 
tractive personality. His loss will be keenly felt. 

In June, Mr. Bonner resigned in order to accept a position in the 
College of Liberal Arts of the University of Buffalo. Mr. Bonner, though 
young, impressed students and all who knew him, as an extremely ef- 
fective teacher. He combines a clear knowledge of his subject with 
exceptional ability in the classroom. Iam very sorry to give him up, but 
he feels that in a college of liberal arts he will find an environment in 
which he will grow more rapidly than here. 

T have also lost Mr. Waldo for at least a year. 

Mr. Waldo has been highly honored by being granted by the Republic 
of France a scholarship which will provide for a year’s study in French 
universities. It is my hope that he may return to us at the expiration 
of the leave of absence granted him by the Board of Agriculture. 

I also wish to mention here that Assistant Professor Paul E. Brees, not 
listed above, resigned in August 1921, his resignation being made too late 
to be recorded in my last annual report. Mr. Brees resigned in order 
to accept a position in Kalamazoo College. Mr. J. W. Milne was secured 
to take up the work which he laid down. 

As you consider the division of subjects in the table given above and 
as you scan the titles of the departmental staff, it will readily occur to 
you that in my department you have under one administrative head at 
least three departments, namely, a department of English, a department 
of public speaking and a department of modern languages. This state- 
ment is conservative, for in many institutions the subjects which we 
group together in one department are divided among as many as five 
departments, the three-part division being further broken up by the sepa- 
ration of literature from composition and of romance languages from 
other languages. Since we now have in the department a distinct separa- 
tion of courses and of teachers into three distinct groups I see no reason 
why a division of my department into three departments should not be 
made in the near future. 

The major extra-curriculum activities conducted by the department 
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are the Lawson Essay Contest, the Eunomian-Holcad Literary Contest, 
our intercollegiate debates and our dramatic representations. The Law- 
son Contest was won by C. Russell Clausen, a junior agricultural student. 
Mr. Clausen’s essay was entitled “The Farm, Nation Builder”. The 
Eunomian-Holead Contest was won by Mr. Fred W. Henshaw, a special 
agricultural student. Mr. Henshaw received first prize, $25, for a poem 
entitled “Cities”. Other prizes were won by Marian Ward, H. E. Segelin, 
Cleon Green and Victor Kinson. 

__ In my report last year I said something in regard to the publication, 
in periodicals and books, of literary work brought out by the Eunomian- 
Holcad contest. I may add here that there has been at least one year 
in which Michigan Agricultural College has been honored by having more 
poems accepted for publication in “Poets of the Future”, a volume pub- 
lished by the Stratford Company, than the University or any other insti- 
tution in the State. A contest which las in six years brought out literary 
talent as has this competition should have its continuance assured. Yet 
there is no permanent fund whatever behind the Eunomian-Holead c¢on- 
test. Surely the College has many a good friend who loves works of-the 
imagination and wishes to encourage imaginative writing at M. A. ©. 
Cannot some such person be found who will give $1,000 as a permanent 
fund to keep this contest going? Sixty dollars a year, the interest from 
$1000 at 6 per cent, would more than double the amount of prize money 
available this year. Then too, if the present support, amounting to $50 
a year, should be withdrawn, this fund would more than make up the 
loss. Since it is your desire and purpose to foster all kinds of creative 
work at M. A. C., I take this means of calling your attention to one way 
in which creative work may be further encouraged. 

The men taking part in intercollegiate debate this year were: 

Leroy Keely, Howard Menhinick, Harry G. Smith, Victor Whittemore, 
Karle Chapman, Burwell Cummings. 

Our series of debates was much more extensive than any previously 
carried on at the College. A great step in advance was made when we 
organized eight years ago our tri-state debate with Iowa State College 
and Purdue University. The organization of this contest stimulated our 
students to increased interest in forensic activities and has resulted in 
sending out a number of graduates well prepared to speak effectively on 
the public platform. This year’s further augmentation of debating has 
aroused much interest in the student body. In addition to carrying out 
our regular tri-state debate we sent Menhinick, Keely and Smith on a 
debating trip which took them through Illinois, Iowa, Colorado, Utah, 
Montana, North and South Dakota and Minnesota. On this trip our 
boys debated Western State Normal College, Monmouth College, Towa 
State College, Colorado Agricultural College, Montana State College, 
Montana Wesleyan College, North Dakota Agricultural College, South 
Dakota State College and St. Olaf College. Ssome of these debates were 
held with the one-judge system, some with three judges, and three with 
no judges. It would be hard to exaggerate the solid benefit which our 
boys derived from this trip. To meet, night after night, often after tire- 
some and tedious travel, strong, spirited and well-prepared opponents 
and to discuss with each other and with their coach new phases of the 
debate question and of the tactics of presentation brought out in hotly 
contested debates—these are matters of great moment in the making of 


bas ital 


DEPARTMENT REPORTS. 129 


a debater and in the moulding of character as well. Of the debates in 
which a decision was rendered our team won twice as many debates as 
it lost. It is with great pleasure that I have read the comments made 
on the team in the papers published by the students of the institutions 
in which our men debated. Our boys acquitted themselves as debaters 
and as men. They won gallantly and lost gallantly. They were freely 
accorded the superiority in one institution in which no formal decision 


was rendered. They left on the minds of those who heard them a most 


favorable impression of our forensic activities, our debaters, and the in- 
stitution which sent them forth. 

In connection with our debates I wish to refer to their financial sup- 
port. Some ten years ago when. the blanket tax was first adopted the 
student body and the faculty recommended that a definite percentage 
of this tax to be devoted to our forensic contests. The Board of Agricul- 
ture, however, decided that instead of dividing the blanket tax the Board 
itself would get behind these contests and support them adequately, even 
generously, through an annual grant of funds to the English Department 
This policy has been adhered to consistently. With financial support 
assured, our contests have been a credit to the institution. More students 
try out for our teams, our debates improve in quality from year to year, 
and more and more it has become clear that our debaters go out from 
M. A.C. as graduates of whom we are proud. They show after graduation 
that they possess genuine ability to make themselves felt for good in the 
life of the State. I ask that you satisfy yourself of these facts and that 
the financial backing promised us under a preceding administration be 
forthcoming year after year. Mr. Milne has devoted himself to our contest 
work with creat ability, and the carrying on of these debates takes much 
of the time ‘of others besides the coach. We give this time gladly and ask 
in turn that our efforts receive full administrative support. 

Two plays were given this year under the direction of Professor King. 
In the fall term a modern comedy was given in the auditorium of the - 
People’s Church. The house was crowded, and the play was well received. 
In the spring term the annual commencement play in the Forest of Arden 
was given, the play chosen this time being “The Merry Wives of Wind- 
sor’. All members of the cast conducted themselves creditably and a 
large number of people saw the performance, every seat being taken. 

I wish to express my appreciation of the very fine service rendered 
by the members of my staff and of the splendid spirit with which the men 
carried a schedule which was at times excessively heavy. I wish to thank 
you for the interest which you have shown in us and to express the hope 
that the Department of English may develop rapidly under your adminis- 
tration. I firmly believe that it would be wise to establish without delay 
a major in English in the Division of Applied Science. Already we have 
the teaching staff and the courses of instruction for major work. When 
the University is so crowded with students as to be clamoring for relief 
and when many excellent young people here are eager to take more Eng- 
lish than is permitted in any one division, it would, I am convinced, be 
to the interest of ‘all concerned to establish a major in English. With 
such a major established I should haye much less difficulty in obtaining 
and holding a teaching staff of high grade. I frequently lose men who 
wish to go to other institutions where major work is given by the Depart- 
ment of English. Last year, for instance, I lost Mr. Greene, a fine in- 
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structor, who accepted a position in Cornell University, not because the 
salary was better, for it was not, but because while teaching in Cornell 
he himself could take some adyanced work. Mr. Bonner leaves me this 
year for a similar reason. These are but two of several instances which 
IT could name. I see no reason why we should work longer under this 
handicap. Nothing whatever seems to be gained by it; much is lost. 
Why should we not line up with Washington State College, lowa State 
College and Cornell University? These agricultural colleges, each the 
best in its part of the United States, place English in a position of infiu- 
ence which is denied to it here. I venture to urge therefore that when the 
catalog for 1922-23 is published the subject of English be listed among 
the majors offered in our new Division—listed, that is, with physics, 
history and the other scientific and non-scientific subjects now officially 
recognized as major subjects in this institution. 
Very respectfully submitted, 
WILLIAM W. JOHNSTON, 
Professor of English. 

East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF ENTOMOLOGY. 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: 


Following is a brief report of the work of the Department of Entomol- 
ogy for the year ending June 30, 1922. 

During the year, the following changes in personnel of the department 
have taken place: Mr. J. L. L. Frank, half-time graduate assistant who is 
taking his major in parasitology under the direction of Dr. Chandler, 
finished his term on August 31, and was succeeded by Mr. S. T. Flynn 
on October Ist. 

On April 1st, 1922, Mr. R. M. Hain resigned from the position of Exten- 

sion Specialist in Entomology to be succeeded by Mr. John H. Harman 
who commenced work on May 10, 1922. Mr. Harman is a graduate of 
Michigan Agricultural College and has been for several years past em- 
“ployed by the U. 8. Department of Agriculture in work against the 
European -corn-borer in New York and in Massachusetts. At the time 
of coming here Mr. Harman was in charge of the research sub-station at 
Poughkeepsie. 

During the Summer of 1921, Course II, a course dealing with the 
control of fruit pests, was given, also a ‘two weeks’ course in Nature Study 
and lectures to Agricultural High School teachers. 

During the fall term the following courses were given: 


Entomology Ill Field Crop Insects. 

Entomology VUI Introduction to Parasitology. 

Entomology IXc, Xb and XI, three separate courses in Apiculture. 
A four weeks short course in poultry and fruit insects. 
Entomology Xc, a regular course (option in agiculture). 
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A special course of five credits to a large class of Federal students. 

A short course in apiculture running eight weeks was given to Horticultural 
short course students. 

A short course in the control of fruit pests to Horticultural students. 

A regular short course to second year students in General Agriculture for 
eight weeks’ and for second year men of the sixteen weeks’ course. 


A special course for students in farm es eee meeting five times a week 
for four weeks. 


During the spring term the following courses were given: 


Entomology III Fruit Insects. 


Entomology I Introduction to Study of Insects. 
Entomology Va and Vb Systematic study of scale-insects. 
Entomology IXb Apiculture (elective for seniors). 


Entomology Xa Apiculture (option for beekeepers). 
Entomology Xd Apiculture (option for beekeepers). 
Two courses to Federal students, F3 and F6. 


Entomology 101, graduate work in parasitology, was given during the entire 
year. 


The constantly increasing numbers of Federal students taking apicul- 
ture has necessitated the establishment of several out apiaries. Some- 
thing over ninety Federal students have taken work in apiculture during 
the year. Our quarters are rather inadequate for handling so many 
extra men and some ingenuity has been necessary in order to provide for 
some of the instruction. 

Respectfully submitted, 
dal JER cd et Dal Bl Lf 
Professor of Entomology. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF MATHEMATICS. 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: 


I have the honor to submit for your consideration the following report 
on the work of the Department of Mathematics for the year ending June 
30, 1922 

During the year the teaching staff of the department was as follows: 

L. C. Plant, Professor. 

L. C. Emmons, ue G. Speeker, S. E. Crowe, Associate Professors. 

F. E. Wood, V. G. Grove, Assistant Professors. 

R. C. Huffer, J. = Robertson, S. J. Daley, Instructors. 

The success of a department must necessarily come through its indi- 
vidual members. No small amount of the efficiency of the Department of 
Mathematics is due to the graduate work done by the members of the 
staff. During the past year Chas. T. Bumer, who has been on leave of 
absence, has done advanced work at Harvard University and Vernon G. 
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Grove and Stanley E. Crowe spent the summer quarter in the University 
of Chicago. 

The department will suffer the loss of Dr. Frank E. Wood, a most 
capable research man, who has accepted an assistant professorship at 
Northwestern University. 

Professor Emmons and Dr. Wood have devoted an unusual amount of 
time to statistical problems that have been referred to the department 
by the different divisions of the College. 

The staff has continued its bi-weekly lectures on advanced work in 
mathematics, throughout the year. Other departments of the College, 
as well as the Department of Mathematics, have availed themselves of 
these lectures. 

Beginning with the fall term the department will offer mathematics 
as a major subject in the Applied Science Division. This will afford 
the members of the staff an inspiration to push forward in certain lines 
of mathematics in which they are working. 

The total number of students taking mathematics during the year was 
1,808, divided among the different terms as follows: Fall, 627; winter, 
573; spring, 511; summer, 97. The total number of class periods for the 
year was 417, divided among the different terms as follows: Fall, 125; 
winter, 124; spring, 110; summer, 58. 

Respectfully submitted, 
Tito, PLANT, 
Professor of Mathematics. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF MILITARY SCIENCE. 


President David Friday, 
Sir: 
1. PERSONNEL, 


The Military Department opened the year with seven officers on duty, 
nine noncommissioned ofticers and twenty privates. The privates were 
mostly on duty with the cavalry unit caring for the horses. The close of 
the year saw the addition of one captain to the artillery and the relief of 
one major of cavalry. The organization is therefore in good condition, 
with two officers for each unit and one as the administrative head. 


2. EQUIPMENT. 


The material for instruction purposes is all that could be desired 
save in one particular, the addition of more trophies to the Military 
Museum which now is practically complete in its historical development 
of firearms. The loan or donation of modern weapons, taken from 
European battlefields, has been asked from the War Department but they 
are hindered by lack of Congressional action. 
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3. BUILDINGS. 


Space for adequate instruction is decidedly lacking. The infantry and 
artijlery are particularly handicapped. Last fall and early winter when 
theoretical instruction was necessitated by inclement weather, classes had 
to be held in the large toilet room and in the old rubbing room in the 
basement, in the gun room, the laboratory at the gym and its lecture room, 
as well as on the armory floor. The gun shed was caring for at least three 
classes at one time. A new gun shed of larger dimensions and a new 
armory are urgently needed to take care of the steady growth of the 
department. 


4. INSTRUCTION. 


’ The year began with an active enrollment of about 650, and ended with 
500 at the annual inspection. Under advice of the President, students who 
served in the World War are given liberal credits and therefore, as each 
freshman class enters, there will be a decreasingly small number of ex 
cuses. In the advanced elective work, 75 students enrolled, resulting in 
much friction with other classes. Remedial action has been proposed to 
the President, and is now waiting his pleasure. Judging from preliminary 
signing of contracts for next year, we will have about 125 students in the 
advanced course next October. Twenty students received their comunis- 
sions in the Officers Reserve Corps on graduation day. 


3s. OUTSIDE ACTIVITIES. 


A Girls’ Rifle Club was organized again this year, 128 signing up. Gold 
and silver medals were given as prizes and the winners were in attendance 
at the annual banquet. Intercollegiate competitions were also held—four 
of them—of which two were won and two lost. 

The Men’s Club was organized, 300 joining. The prizes were gold, silver 
and bronze medals, six sweaters, a banquet and a silver fraternity cup. 

All vacant hours from Monday morning to Saturday noon, when no 
regular classes were-in session on the floor, were open to the rifle club 
from the middle of November to the end of the winter term. Intercol- 
legiate matches for the men were held, both National Rifle Association 
and corps area and also interfraternity for the loving cup. 

Practically every Friday and Saturday night during all three terms 
the Armory fioor was taken by student organizations “for dances. The 
department staff gave one ball in the fall term, the department students 
gave the annual Military Ball in the gymnasium, and a dance was given 
for the Inspecting Board the last of May. During the winter term, the 
first four nights of each week were devoted to rifle competitions. 


6. THE BAND. 


The band would be stronger in every way if the Board would let it be 
fully known that it isa MILITARY band and require ALL concerts and 
other public appearances to be in proper uniform. The wearing of 
civilian clothes in public performances does not add to the military repu- 
tation of the band. It is believed that sometime during the next year, 
a special request will have to be made for uniforms, repairs and replace- 
ments as the uniforms have now been in use the better part of three years. 
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7. DISCIPLINE. 


No cases have come before the Commandant during the past year. The 
known support of the President and the willingness of the Commandant 
to fully discuss with a dissatisfied student all phases of his troubles, 
have resulted in a clean sheet. The active support of Dr. Reynolds in 
weeding out fake physical disability cases is also cause for congratula- 
tion. 

As a great aid to discipline next year, it is recommended that the De- 
partment of Physical Training lay greater stress on physical culture as 
such, otherwise, setting up exercises, to improve the carriage of the boys. 
General Bell commented very ady ersely on the appearance of the boys 
when inspecting last May. Restoration of the four year physical train- 
ing requirement and the utilization of cadet officers in training first and 
second year men in setting up exercises is recommended. 

Respectfully submitted, 
P. G. WRIGHTSON, 
“Major U. B82 Ag,.P. Masa 
Bast Lansing, Michigan, June 30, 1922. 


REPORT OF THE DEPARTMENT OF METEOROLOGY. 


President David Friday, 
Michigan Agricultural College: 
Dear President Friday: 


The regular course in Meteorology was conducted, as usual, during 
the spring term just closed. Fifteen students completed the course. 

Students taking this work are given a practical knowledge of the sub- 
ject so that they understand better the causes and effects of happenings 
in the atmosphere. They are able to predict weather changes from local 
conditions with greater accuracy. Superstitions in regard to the connec- 
tion between moon phases, equinoxes, etc., and the weather, are dispelled. 
The technical phase of the subject is given much attention. 

Very respectfully, 
D. A. SEELEY, 
Instructor in Meteorology. 

East Lansing, Michican, June 30, 1922 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, JULY, 1921. 
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BaRoMETER—Mean, 29.98 inches; highest, 30.15 inches, on 22d; lowest, 29.66 inches, on 30th. . 
TremMPERATURE—Highest, 97°, on 4th; lowest, 53°, on 21st.; greatest daily range, 32°, on 22d; least daily range, 15°, on 27th; 
normal temperature, 70.9°; departure, +6.1°; accumulated departure since January 1, +1208°; average daily departure since 


January 1, +5.7° highest in 36 years, 102°; lo-v~3t, 37°. 


PRECIPITATION (in inches)—Total this month, 2.31; normal, 3.22; departure, —0.61; since January Ist, —3.13; greatest amount 


jn 24 hours, 1.00, on 6th; total snowfall, 0.0 in. 


Winn—Preyailing direction, southwest; tota! movement, 2,711 miles; average hourly velocity, 3.6 miles; maximum velocity, 


32 miles per hour, from northwest in 14th. 


Dates or—Auroras, 0; hail, 0; sleet, 0; fog—dense, 0; thunderstorms, 4, 5, 6, 7, 8, 14, 18, 26, 27, 28, 30; halos—solar, 25; 


DEWRY A. SEELEY, 


halos—lunar, 0; frost—killing, 0; heavy, 0; light,0. 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, AUGUST, 1921. - 


Temperature. This month since 1863. 
an Percent- 
Precipita- —————_. 
Date. em ah Ce of one 
inches. By. eee Mean Total 
Highest. | Lowest. Mean. SSE Year. tempera- | precipita- 
ture. tion. 

He Deere 74 52 63 0:20:| \Gloudy.-2-<... 3 TSGBi Fe eee 3.0 
Oni sterols 67 57 62 OMS ;)\Cloudys cece: 0 1864 70.7: 0.3 
Sere 80 53 66 ON e@leara secter ei 98 1865 65.8 elie! 
PL SENS 81 55 68 0 .| Partly Cloudy... 79 1866 62.6 3.4 
ek 84 62 73 Orr -@ lesiratas sane: 96 1867 69.8 1.7 
Gee ae = 85 62 74 T. | Partly Cloudy... 48 1868 70.3 2.4 
aes ack: 77 54 66 T. | Partly Cloudy... 62 1869 70.6 4.8 
SAE een, 76 51 64 0 Partly Cloudy... 90 1870 79.1 4.5 
Oi nl er 84 54 69 0 | Partly Cloudy... 84 _ 1871 71.2 1.4 
Utes 80 62 71 Te @loudyaek eters 10 1872 1AM. 4.1 
(Uae 74 63 68 0.145) Cloudy...5 22.2! 13 1873 69.5 0.8 
Pas Sigh 77 60 68 0 | Partly Cloudy... 43 1874 69.4 1.2 
TSE abet ee 87 58 72 0.43 | Partly Cloudy... 86 1875 65.5 1.4 
TES RY Peat 73 52 62 Tea MClennew ee tice Se: 94 1876 71.6 £2 
iP tery Ag 76 45 60 0 | Clear ' 100 1877 68.5 6.5 
Gee ty 79 56 68 O M@loudye kets a 25 1878 70.2 1.8 
eee iS eee 80 62 71 22263] e@loudyac ee ax: 24 1879 70.0 1.6 
Ee 80 60 7 0 Partly Cloudy... 57 1880 68.6 6.0 
1G) ae ed 85 55 70 OF 63s) 4 Glessner 86 1881 72.7 1.6 
DOR Ae 78 53 66 0 | Partly Cloudy... 61 1882 69.5 5.7 
PO Nee 73 46 60 0..-}, Clear... -2. ane Se 96 18°23 64.9 0.1 
at tie Sy esaye 72 47 60 0 Partly Cloudy... 66 1884 66.9 1.3 
DE Sn See 78 50 64 Ohi Glean axe ee ye 100 1885 63.6 6.7 
DAT Vite 85 53 69 0 Partly Cloudy... 75 1886 69.3 4.6 
Dene ens 85 60 72 0 | Partly Cloudy... 99 1887 68.0 0.8 
DEW ees 86 58 72 Ole | @loudy nore elects 49 1888 67.6 1.8 
Oy] Sear 73 66 70 1.39 | Cloudy......... 0 1889 68.6 0.6 
DSi die wee 80 69 74 DE eGloud yarn ke 10 1890 65.4 3.6 
BLE Se ecletet 86 70 78 0 | Partly Cloudy... 78 1891 67.9 4.8 
SOLA eNotes. 88 70 79 0 | Partly Cloudy... 70 1892 68.3 Hiya! 
Dileep 88 69 78 T. | Partly Cloudy... 61 1893 68.1 0.5 
1894 68.8 0.0 
1895 71.2 4.6 
1896 70.0 4.7. 
1897 65.9 1.6 
1898 69.0 Pasi 
Mean hia hest item peratures: <).cok=icsa sth o/c canon chasers cleaner ie pete 79.7 1899 71.4 0.7 
Mean lowest temperature.......... ere evel date cc Sat peerte knee Ce rae tet Re a EV) 1900 73.3 2.9 
Mean temperature fornimongtis. secrete, Lec) coat ae aoe eee ener. 68.6 1901 68.4 2.4 
Total precipiaplontOr WON eee gem sci Aer cmees cesarean arena eee eae 5.18 1902 64.2 0.6 
1903 64.3 6.7. 
1904 65.9 ay 2) 
WEATHER. 1905 69.6 3.9 
1906 (Be) 4.3 
1907 65.5 2.8 
Number days clear............ STAR MEN AINE Uh ee STEN ST 7 1908 68.4 3.9 
Partly: CLOUGY. Job ScieisleMee stew tte atettcd ales cage Sse an i rg 15 1909 71.0 1.6 
GoW dy ieee neha: Sistas waren RRR Se cheers tan ie Re aa 9 1910 68.2 en 
Waith.0.01 inch’ or'more of precipitations.. 42. ..s:. -« ccs ee Slee elaeiee glee ele 7 1911 68 .2 1.4 
1912 65.7 papi 
1918 69.4 5.6 
5 SUNSHINE. 1914 68.9 3.3 
. 1915 63.4 4.6 
1916 71.0 ib 
Number hours sunshine®seacj.n ce eee eh ee nei ae ones Sea eae 258.7 1917 67.0 1.4 
PGssible| MOUS SUNSHINE <1 Aece ache eee Are ie maNeeiaLar Cl eesials bina eae IR: 420.7 1918 72,2 1.4 
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BaromMEeTeER—Mean, 30.04 inches; highest, 30.36 inches, on 21st; lowest, 29.54 inches, on 17th. , 

TrMPERATURE—Highest, 88°, on 31st; lowest, 45°, on 15th; greatest daily range, 32°, on 24th; least daily range, 7°, on 27th; 
normal temperature, 68.4°; departure, +-0.2°; accumulated departure since January 1, +-1216°; average daily departure since 
January 1, +5.0°; highest in 86 years, 102°; lowest, 32°. : 

PRECIPITATION (in inches)—Total this month, 5.18; normal, 2.63; departure, +2.55; since January Ist, —0.58; greatest amount 
in 24 hours, 2.26, on 17th; total snowfall, 0.0 in. : ; ; : 

Winp—Prevailing direction, southwest; total movement, 3,055 miles; average hourly velocity, 4.1 miles; maximum veloc ¢ 7, 
18 miles per hour, from northwest on 17th. 

Dares or—Auroras, 0; hail, 0; sleet, 0; fog—dense, 26, 28; thunderstorms, 6, 13, 17, 19, 27, 30; halos—solar, 9, 22; hales— 
lunar, 15; frost—killing, 0; heavy, 0; light, 0. 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, SEPTEMBER, 1921. 


Temperature. This month since 1863. 


fr Percent- 
 ——_] Precvipita- 
Date. Gan'iner ne | awe. 
inches. y- Or ahtine Mean Total 
Highest. | Lowest. Mean. ‘A Year. tempera- | precipita- 
ture. tion. 

LR cas 89 69 79 0 Partly Cloudy... 63 USGat ae scat 0.89 
piss ee 87 69 78 T. | Partly Cloudy... 62 1864 59.6 3.53 
OCHRE 85 68 76 Th loud yee is us 30 1865 67.7 4.79 
Ae rat 87 68 78 0.06 | Partly Cloudy... 54 1866 55.8 5.80 
Diaries bn 79 57 68 0.17 | Partly Cloudy... 37 1867 56.6 1.42 
Dees ons 80 51 66 0 Clear nmi ias 100 1868 58.8 2.95 
TASES een 82 53 68 0 Clear oak ide 100 1869 63.5 1.48 
Breve Mine tt 83 55 69 0 Partly Cloudy... 77 1870 63.7 2.85 
OMe ee 86 58 72 0 | Partly Cloudy... 83 1871 59.1 0.79 
UDR ORCS E 82 59 70 0.17 | Claudy : 39 1872 62.0 5.21 
IS erar nt 76 62 69 0.03} Cloudy.......... 10 1873 67.4 3.50 
1 OA AO a eae 76 52 64 0 Glearnee tie 90 1874 62.8 127 
1S Ce ae 78 50 64 0 | Partly Cloudy... 79 1875 58.5 2.89 
1: SiS oa 81 60 70 OvOLs | Cloudy, 2-225 13 1876 56.3 3.65 
Msp ss 72 57 64 0 Cloudy.... . IF 1877 61.3 1.38 
MG aerssie rece 68 57 62 0.04 | Cloudy.... 0 1878 63.2 3.41 
Lhe pha ae 78 58 68 0.13 | Cloudy.... 18 1879 56.2 3.19 
eRe ves 68 |> 47 58 0 Cloudy... .\:. 9 1880 55.8 3.10 
I i ee 72 41 56 0.04 | Partly Cloudy... 46 1881 69.7 2.91 
Pd De a Rg 73 58 66 Ti4Cloudy. 0. veer 0 1882 59.9 0.67 
Pt WO OR rt hee 73 60 66 0.15 | Partly Cloudy... 45 1883 56.4 2.34 
Barrens 81 57 69 0 Clean as hae 100 1884 65.1 3.34 
AD Tessie 77 49 63 0 Clear aan craps 100 | ° 1885 58.9 Ci) 
Dip Bei aiee 80 55 68° OLO6"Clondy-42..25: 60 1886 62.1 5 40 
DO Muyrnepeee 68 44 56 0.07 | Partly Cloudy... 95 1887 58.9 4.72 
DAT eee Ey 70 40 55 0 Cileatiene mae 100 1888 57.8 1.89 
ZY aia TL ie 73 44 58 0.10 | Partly Cloudy... 81 1889 61.2 0.79 
tea Renee 77 53 65 0 Clear eee noe 100 1890 Ly Aue 1.67 
Ph iene By 87 65 76 Onl Clears. ae 97 1891 65.1 1.10 
i) 1 ieee, eae 65 44 54 OLS7S| Cloudy. ie. 22 1892 60.8 2.17 
Sal ts Aer rts PAE bts Dhaai Sl la pas bie ae | a Art| ba es cae ieee ee ei) Dt A ; 1893 58.4 1.84 
1894 63.7 2.59 
1895 66.6 0.85 
1896 57.6 6.73 
1897 62.9 0.80 
1898 63.3 3.00 
Meanvine Rest temperature. sss cass ania deleiuelt ae a tajae es sa cine ai Ae 77.8 1899 57.0 2.14 
Meanilowesuiera erate seciiens a. eicrrstsleiapere «elie create esate ans Aeiees fae Gis) 1900 63.2 0.89 
IWestriehemMperathine cOrmmon tance -aecuee res coach Maes ccs mc eee aoe Min sivas 66.1 1901 61.7 1.67 
SO tADrERi ni atOnTONMMONEM Roe ck iiss ht matne yn Aelia wR Gott aliens 2 64 1902 58.7 5.88 
1903 61.0 2.86 
1904 62.0 2.30 
WEATHER. 1905 63.8 3.21 
1906 6725 0.76 
1907 61.8 4.68 
Niemen Dery a yRUCleame a hile a tsecalottr! dicta aet.ee ay iscte seciahea Ta: nity ice eraileleraftn ale ts ens 8 1908 66.4 0.65 
[ee vail briyel Os tohi ey ete hot aaa lien baat ycr mite h eiaet Anes LAr per Aad eee bean lit 1909 60.4 1.51 
(CALC TS GAP al Me ae 2A A LA ot Se CA Sy BA RANA earn re re 11 1910 | 60.2 2.74 
With 0.01 inch or more of precipitation.....................0 cee cence eee 15 1911 61.5 5.05 
1912 62.7 3.33 
1913 61.0 1.53 
SUNSHINE. > 1914 60.3 2.65 
1915 63.2 6.55 
1916 60.4 2.17 
NMbEM MAUMSSUNSDING= cian hee ee oe eae kre late es ay Tae ee ee 213.4 1917 58.6 4.60 
OSI MO TICS SUMBELETLO citer ctcss te tomtatan crete shes aclu io iecer mre okeea tara alla aes oi earcaheyeehins * 374.8 1918 54.2 2.88 
REE CONLALE, OF POSSI DIE secre acs etretacrtiot sem acct ents BRIG ee loi eagt oe eta one bh ete etre 57 1919 63.8 2.61 
1920 64.2 1.62 
1921 66.6 2.64 


BaromeTer—Mean, 29.98 inches; highest, 30.33, on 13th; lowest, 29.40, inches on 30th. 

TrmprraturE—Highest, 89°, on Ist; lowest, 40°, on 26th; greatest daily range, 31°, on 19th; Icast daily range, 11°, on 16th; 
normal temperature, 61.6°; departure, +-5.0°; accumulated departure since January 1, +1863°; average daily departure since 
January 1, +5.0°; highest in 36 years, 99°; lowest, 21°. 

PRECIPITATION (in inches)—Total this month, 2.64; normal, 2.62; departure, +0.02; since January Ist, —0.56; greatest amount 
in 24 hours, 1.18, on 19th and 20th; total snowfall, 0.0 in. : 

Winp—Preyailing direction, southwest; total movement, 3,324 miles; average hcurly velocity, 4.6 miles; maximum velocity, 
21 miles per hour from east on 29th. 

Dates or—Auroras, 1, 2, 28; hail, 0; sleet, 0; foe—dense, 11; thunderstorms, 2, 3, 4, 10, 17, 20, 21, 29, 30; halos—solar, 10, 
19, 24; halos—tunar, 0; frost—killing, 0; heavy, 0; light, 0. 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, OCTOBER, 1921. 


Temperature. : This month since 1863. 
; ath Percent- 
Se —] Preeipita- 
Dats. Saninani Cate of Bp ot 
inches. y- a E Mean Total 
Highest. | Lowest. Mean. STII Year. tempera- | precipita- 
ture. tion. 

Hie Peeks te 71 43 57 0 Clearyeper se: 100 ASGS Ales ok aes 1.04 
DEP eae sha 57 49 53 0:32:95) Cloudiyes yo... <5: 0 1864 45.7 1.86 
Diaree ee 58 39 48 0.04 | Partly Cloudy... 53 1865 46.5 2.76 
Bebe A, 2c 57 37 47 0 Partly Cloudy... 72 1866 49.5 3.57 
Drees 64 35 50 0 Clanraewene s. ..: 100 1867 ~ 90.6 2.11 
Geen. 5: 69 41 55 0. 52u Glearn eae oo: 82 1868 45 2 Jone 
the breg amt 48 37 42 0.76 | Cloudy........ 0 1869 40.8 1.72 
(eee 48 36 42 0.03 | Cloudy........ 23 1870 285 2.29 
Dare eee 61 39 50 0.16 | Partly Cloudy... 61 1871 53.9 1.48 
EO sont fad 57 42 50 0.49 | Partly Cloudy... 58 1872 47.4 0.67 
TUNE et oa 47 33 40 OU | A@toudvan se: '-.: 0 1873 44.7 1.91 
ive ree 47 30 38 0.03 | Partly Cloudy... 55 1874 49.1 0.49 
LSet 60 29 44 0 WIGar sree 2.>.., 100 1875 42.9 5.81 
UU eae 64 37 50 0 Clear me 100 1876 43.7 1.26 
iy Reena 66 39 52 0 Glegretern 4. 100 1877 50.8 5.69 
LG ae 72 48 60 OLS B@learss i555 a: 100 1878 48.3 1.99 
Np te ee 75 55 65 OcOtnipClesr ess oc. 3 89 1879 57.3 1.57 
Pe ecee eee 63 50 56 0.03 | Cloudy........ 1 1880 46.2 2.84 
i PEG ate 60 41 50 0.11 | Partly Cloudy.. 53 1881 52.5 5.56 
DOES 3. hs 57 35 46 0.02 | Partly Cloudy... 38 1882 52.7 2.64 
De ae 60 31 46 0 Clear ee. chs 100 1883 46.2 3.66 
7 ae 64 39 52 0 Clear... techie: 100 1884 50.9 5.73 
epee: Dees 59 33 46 0 Wlearere coke. 90 1885 45.0 3.03 
A a ats 71 44 58 0 (Clear dy evita: 100 1886 52.4 0.95 
eee 56 39 48 0 | Partly Cloudy... 17 1887 45.0 1.86 
PL ane ee 58 36 47 0 | Partly Cloudy... 50 1888 45.7 3.00 
DN Nes specs 58 48 53 0.02 | Cloudy ewe 0 1889 44.2 0.65 
OB eos esa 68 47 58 0 (lene 7 90 1890 49 1 4.56 
Ue erste 62 48 55 T. | Cloudy oy: 4 1891 48.8 0.82 
BU wera 58 50 54 OF De Clouriyee spac ts: 0 1892 48.3 0.78 
ch hears eee 59 47 53 0.02 | Cloudy........- 0 1893 49.7 3.61 
1894 49.8 1.91 
1895 45.0 1.41 
1896 44.6 1.06 
1897 $3.1 2.15 
1898 49.6 3.55 
Mennthighestivemnenatiness. 5: os. ceemc ticsrta tira biel reels slots aiaca ene Pe 60.5 1899 Bsee 2 68 
Mian: lo estetemipera trey. .w.c's a csletie sate eyartain ibe revctetaher tear oe PN ee eS 40.5 1900 56.6 Dad 
Meanvtemperabure ton MOULD +... ostkeiees se nin eee hear 50.5 1901 49 6 4 01 
Totalipreacipiea wonltOr MNONENS.. | sce ered cick terete ee eileen entree : 2.85 1902 49.6 1.53 
Y 1903 51.0 2.01 
; 1904 48.6 1.90 
WEATHER. 1905 50.9 1.75 
} 1906 49.2 2.36 
1907 46.0 2.22 
Naim Dent dA yalGlenDe Wert acitmn install cmicte eels eters Sees nmr ioe cies 13 1908 51.6 0.82 
IPArtl yccloudye cae aeetita ns ota iets aslo Terre Tele ery Bae eee 9 1909 46.2 0.71 
Cloudy) iene ene ea atte ae AS RON Mick aioe 9 1910 51.8 2.27 
With O/0llinch’or more ofprecipitatlons: cesses hit ee ates es eden edie 17 1911 48.0 5.00 
1912 50.4 3.44 
1913 50.2 3.30 
SUNSHINE. 1914 54.6 2.81 
‘s 1915 51.1 0.70 
1916 49.7 2.53 
Num ber haurs, sunshine +2 ha .es se seem ine cee este oe ee Le peretdcre ad lld hich 198.8 1917 41.2 3.44 
Rassiple hours SUNSHINE x: <3 hess jo veyheeiercie salesmen a syria Aare Paton 341.9 1918 52.6 3.21 
Percentage Of POSsIDIe t. sicclcki aueie os ee seen tee me neilraeteie sd ete a Sa 58 1919 53.3 2.90 
1920 57.8 1137 
1921 50.5 2.85 


BAROMETER—Mean, 29.96 inches; highest, 30.39 inches, on 14th; lowest, 29.52 inches, on 19th. 

TrMPERATURE—Highest, 75°, on 17th; lowest, 29°, on 13th; greatest daily range, 31°, on 13th; least daily range, 8°, on 30th; 
normal temperature, 49.0°; departure, +1.5°; accumulated departure since January 1, +1408°; average daily departure since 
January 1, +4.6°; highest in 36 years, 90°; lowest, 10°. 

PrecrerraTion (in inches)—Total this month, 2.85; normal, 2.23; departure, +-0.62; since January 1, +-0.06; greatest amount 
in 24 hours, 1.28, on 6th and 7th; total snowfall, T. in. ; 

Win)—Prevailing direction, southwest; total movement, 4,569 miles; average hourly velocity, 6.1 miles; maximum velocity, 
20 miles per hour from northwest on 12th. 

Dates or—Auroras, 7; hail, 0; sleet, 0; fog—dense, 31; thunderstorms, 16; halos—solar, 1, 26, 29; halos—lunar, 25; frost— 


killing, 13; heavy, 0; light, 5, 12. 
DEWEY A. SEELEY, 
_ Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, NOVEMBER, 1921. 
Temperature. This month since 1863. 
Aa Percent- 
Precipita- 
Date: Hanae ees of age oF 
inches. BY: een e Mean Total 
Highest. | Lowest. Mean. See: Year. tempera- | precipita- 
ture. tion. 
eee ae 50 33 42 0 | Partly Cloudy... 74 ABER tee occurs 0.40 
RRA 51 28 40 0 | Partly Cloudy... 90 1864 37.9 4.12 
erie erate 49 30 40 Tela Cloueyerenaeees 29 1865 38.6 0.63 
(i Nae lee 55 34 44 ONO, | NClowudiyee sss 20 1866 37.9 2.60 
eh eraeranaes 41 27 34 0 Glond yao. cee 10 1867 40.4 egal 
(LP een 38 31 34 O203))\\;Cloudyaes.. 0 1868 36.8 2 44 
(Le eee 42 30 36 Trey Cloudy seneen 3 1869 32.1 1.93 
Ber i eke 31 27 29 17645\) Glotdyre oo oeer 0 1870 38.4 0 91 
1h se a 34 26 30 0.07 | Cloudy.... 0 1871 32.0 125 
LOS ee | 36 16 26 0 Cloudy.... 1 1872 29.8 0.98 
Ui? ae Se 34° 21 28 0.02 | Cloudy...... 20 1873 28.5 2.03 
1D ae 32 13 22 0 Partly Cloudy 82 1874 35.0 1 61 
1 a 34 25 30 Ont85|\ Cloudy... £. 22+. 0 1875 33.0 agp lt 
PANG ete oe. 36 31 34 AD) MEG hits hie ae cameras 16 1876 36.3 091 
ng on 36 31 34 0 @loudive ie es 5 1877 oD.2 3.67 
BiB es chat hts 41 31 36 AeA Glo el yi. eee 4 1878 36.3 2.16 
i ly (a ee 59 37 48 0:04: |. .Cloudy,... «. 25: 0 1879 38.2 4.55 
it 58 48 53 01:89) Cloudy:..5. ..- 2. 0 1880 Dio 2.32 
LOS ec. 51 33 42 OaiGn i Oloudyer ec e 0 1881 38.2 4.09 
Bsc c: 38 30 34 0 | Partly Cloudy... 30 1882 36 3 1.83 
plete fe 42 31 36 0 Cloudy eens 3 1883 38.1 3.98 
DANE Es oe 33 26 30 Teale Gloudye: +0. sar 0 1884 34.1 1 84 
Deets st, 2). 35 26 30 et ploudyre ye ceeles 0 1885 Ba Pan 2.90 
ee 37 25 31 0.06 | Cloudy....:..... 0 1886 33.9 1.48 
Oe ree 41 24 32 0 Partly Cloudy 68 1887 pped 2.28 
2G ce. 5 43 36 40 0.30 | Cloudy.... 0 1888 38.5 pnb 
Bi Brkt ic 44 37 40 0 Cloudy 2.35... 0 1889 37.4 2.67 
Dre iy =o ee 37 29 33 0.03 | Cloudy 0 1890 39.1 2.30 
ON Kons. ts 39 29 34 0 Clogdyesci eee 0 1891 34.0 3.34 
GUS Seemae ens 41 27 34 05085 Cloudy)... 24 1892 34.2 1.84 
He Ss cer|y ih aE AS ao aerate fe aE eae] (Pa nese | |Fee en cud PO nT (See 1893 35.6 2.19 
1894 32.5 0.97 
1895 35.4 3.87 
1896 By( hil 1.05 
1897 36.5 2.94 
1898 33.1 2.72 
Mearpluiphestytam peratnnese een to = ae teeta cic tecians Sola. ceenin ctctrsiel starcitieys nies 41.3 1899 39.7 aie 
MGHIMO Went EMM DErab news sci cate cera eels ss cic Lae dhs et dsciss Gate ss/o aes 29.1 1900 535).33 5.10 
MeMnEteMperanune tODMMOnthy yo ee sees ees. ¢ ovecitie ete oh ean «ese 35.2 1901 32.8 to 
ROMANE CIItA TON Or MONON G1). cf inne eee sae canara: fs estate sd ecerianerure 4.06 1902 43.0 2.46 
1903 34.0 1.45 
1904 40.0 0.04 
WEATHER. 1905 35.8 De2o 
1906 37.0 2.66 
1907 36.0 1.83 
INinnedaystcloar wey nnaeee eit enero en ir de ee! ieee ee Blan 0 1908 38.2 1.82 
Aaa aC LOUG yar en Pema eee ee EME. LYS EE aM ee late 5 1909 44.5 3.74 
Loi es Woes re teh aes le EL aR ee eat, 25 1910 34.0 L387 
Withi0:0/:inch’or more of precipitation. ...0.....02:.+o.o-se0ceseeeeueens 13 1911 33.8 3.40 
1912 38.6 2.86 
1913 41.7 2.38 
SUNSHINE. 1914 37.6 1.40 
1915 39.8 2.23 
1916 38.8 1.68 
Non Dery hare sunshine ereee eee ee ree i eerie cre Sooner 4/0), ee, 47.5 1917 35.8 0.82 
(ROSSIBIGEROLES RUDANING Sat eke nt ete IE, eh oer ten re ne ea oat Gt: 292.1 1918 40.4 3.22 
BERG BTU E CLO BOSSI DO Ne mee a enya aes Ar oe elses ees.) atthe crane 16 1919 35.0 2.44 
1920 36.6 2.29 
1921 35.2 4.06 


BaRoMETER—Mean, 30.05 inches; highest, 30.52 inches, on 20th; lowest, 29.63, on 19th. , 

TEMPERATURE—Highest, 59°, on 17th; lowest, 13°, on 12th; greatest daily range, 23°, on 2d; least daily range, 4°, on 8th; 
normal temperature, 36.8°; departure, —1.6°; accumulated departure since January 1, +1360°; average daily departuce since 
January 1, +4.1°; highest in 36 years, 72°; lowest, 0°. 
_ Precrrrratton (in inches)—Total this month, 4.06; normal, 2.41; departure, +1.55: since January 1, +1.71; greatest amount 
in 24 hours, 1.64, on 8th; total snowfall, 21.8 in. , % : 

Winp—Prevailing direction, northeast; total movement, 4,624 miles; average hourly velocity, 6.4 miles; maximum velocit”, 
30 miles per hour from northest on Ist. P 

Dares or—Auroras, 0; hail, 0; sleet, 6, 23; foz—dense, 16, 17, 24, 26, 27; thunderstorms, 0; halos—solar, 2, 11, 25; hals— 
lunar, 11, 15; frost—killing, 0; heavy, 0; light, 0. 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, DECEMBER, 1921. 


Temperature. This month since 1863. 
nas Percent- 
Precipita- 
Date: Rentga Chari ctes of aerot 
: inches. fe Dace Mean Total 
Highest. | Lowest. | Mean. sine. | Year. | tempera- | precipita- 
ture. tion. 

Wa ate 53 34 44 O030)\Cloudyarenee =e. 3 1863)", ec oe ache 1.71 
Ne ae 54 31 42 0.48 | Cloudy......... 1 1864 24.4 3.20 
Bie eee 32 29 30 0 Sl Glondys es 0 1865 26.7 1.43 
ig wD Geet 38 25 32 0.03 | Partly Cloudy... 48 1866 2515 1.90 
ie, Sere 35 27 31 0:03" | "Cloudy2e 22 os 11 1867 25.3 1.34 
(Jatics some 39 24 32 0 | Partly Cloudy... 27 1868 21.2 1.35 
(eae 33 23 28 0 Gloudyeec soo. 1 1869 28.2 2.11 
Sure vec 32 27 30 Pt Cloudyer ne: <c. 0 1870 24.8 ps Ye 
OL ak 30 26 28 0.4 |Glowdivaeees ose 0 1871 Pai Aa | 1.76 
US Seeds 44 30 37 TI "Cloudy2e.0 0.2. 27 1872 15.7 1.06 
1h) Hee aa 38 29 34 0.09 | Cloudy......... 11 1873 29.5 3.02 
LOE Eee ae 32 28 30 0.28) Cloudy>........ 0 1874 27.0 0.37 
LS te eee 32 26 29 Ox06N|"@londyane....- 5 0 1875 31.6 2.80 
ie eat 33 24 28 0.03: | Cloudy.........- 23 1876 152 1.29 
1D) 5 Oyeere 34 21 28 0.01 | Partly Cloudy... 69 1877 36.6 1.03 
Ge eeceee 46 30 38 0.69 | Cloudy......... 0 1878. 23 2.27 
URS eee 53 32 42 1 FASe | R@londyeerere ae 0 1879 27.5 hea) 
LS See eee 32 22 27 0.05 | Partly Cloudy... 51 1880 Pp | 0 85 
1 se 32 21 26 0 Partly Cloudy... 37 1881 34.3 ea 
0) ie eet: 40 23 32 T. | Partly Cloudy... 67 1882 24.8 0.88 
Race ee 27 9 18 T. | Partly Cloudy... 47 1883 26.4 1.28 
De taaaince 23 8 16 Any Gudya eee 0 1884 24.7 4.15 
DEE Le Nae 28 23 26 0.01 | Cloudy vies 0 1885 27.8 2.14 
24 24 10 17 0.03 | Cloudy......... 6 1886 19.7 1.56 
OBS: Banc: 24 3 14 T. | Partly Cloudy... 49 1887 27.3 3.32 
Dower eco 27 15 21 TaliCloudy tees. ac 0 1888 30.4 1.20 
27 27 12 20 Te | sCloudy. 2o.ccca. 0 1889 36.8 2.61 
DRE toh: 34 13 24 0! S|4Clandyeeess. 5. 0 1890 26.4 1.12 
PA ices one 33 13 23 T. | Partly Cloudy... 80 1891 34.6 1.47 
BO nearest: 36 20 28 T. | Partly Cloudy... 67 1892 25.6 1.52 
re Take 38 23 30 0202) \'Cloudy7 co... 0 1893 27.6 2.28 
1894 30.1 0.93 
1895 28.5 5.39 
1896 28.1 0.80 
1897 25.6 2.02 
1898 24.8 1.42 
Meanihiphesintemperatiinedertenscc te terete icc att ee he Pern eee 34.9 1899 25.0 1.51 
Meantle west temperature: iiesss sc dele nals cies tro Neeees oe ety AO erdlineees 22.0 1900 26.7 0.50 
Mean\temperature tor Monthuxrccse chances ce emetic ce ae er nee acre 28.4 1901 21.6 3.00 
Total precipitation for month................ ee SENSE Soh tear ie) het 3.54 1902 24.8 2.89 
1903 19.7 ited 
1904 21.7 1.42 
1905 30.2 2.54 
1906 26.8 1.85 
1907 22.7 4.19 
Number days clear 0 1908 26.4 2.08 
Partly cloudy 10 1909 23.0 2.91 
(Oi ose bee tener a PRR E NR ey eT Ml on a rR Ried CAPA Ae eh a ht 21 1910 21.6 1.28 
Wath 0:0Lanchior morelon precipitavlonvecpnne an cet ee kines emia 15 1911 31.1 1.58 
1912 31.0 1.20 
/ 1913 31.8 0.55 
SUNSHINE. 1914 21.6 1.57 
: 1915 24.8 1.01 
1916 Dysart Pali 
Nam ber hours)simshine: 236. 6022 ohare le ona ee eee eee noe eee 56.4 1917 19.1 0.74 
Poesibleihours:sunshine! (0 hcl ise eine eh cete meesees e atea arctan iol Moe ayese ere 2 280.8 1918 32.9 3.61 
Pereenine COL PORSIDIE: sic :kec cases eae ee ee CORE CE SOME Rae meee 20 1919 19 4 0.86 
1920 30.6 3.94 
1921 28.4 3.54 


BAROMETER—Mean, 30.00 inches; highest, 30.51 inches, on 25th; lowest, 29.17 inches, on 2d. é 

TreMPERATURE—Highest, 54°, on 2d; 1owest, 3°, on 25th; greatest daily range, 23°, on 2d; least daily range, 3°, on 3d; normal 
temperature, 26.8°; departure, +1.6°; accumulated departure since January 1, +1415°; average daily departure since January 
1, +3.9°; highest in 36 years, 62°; lowest, —24°. { 

PRECIPITATION (in inches)—Total this month, 3.54; normal, 2.08; departute, +1.46; since January 1, +3.17; greatest amount 
in 24 hours, 1.48, on 17th; total snowfall, 8.3 in. ‘ 5 ; 

Winp—Prevailing direction, northwest; total movement, 5,622 miles; average hourly velocity, 7.6 miles; maximum velocity, 
28 miles per hour from northwest on 31st. 

Dares or—Auroras, 0; hail, 0; sleet, 18, 23; fog—dense, 0; thunderstorms, 0; halos—solar, 4, 14, 15, 22, 30; halos—lunar, 


15; frost—killing, —; heavy, —; light, —. 
DEWEY A.SEELEY, 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, JANUARY, 1922. 


Temperature. This month since 1863. 
eg ee Feteaut: 
Date. tion in da eeible 
inches. y- pir 3 Mean Total 
Highest. | Lowest. Mean. é Year. tempera- | precipita- 
ture. tion. 
23 8 16 O01) | Cloudye4- 2 so sei 29 117 Uy | eeemeta el eel (oho GI Pe Une 
25 8 16 0 Cloudy.essa 3 1864 PPR 0.94 
43 23 33 T. | Partly Cloudy.. 68 1865 Dien 0.65 
48 30 39 OS 74: je Cloudy. 25 ee 0 1866 21.2 2.03 
36 18 27 RW Oloudyes anccees 0 1867 17.6 1.68 
22 15 18 OVOU "Cloudy. = Se aae- 0 1868 19.0 1.47 
32 11 22 0 | Partly Cloudy... 67 1869 29.4 0.87 
40 26 33 T. | Partly Cloudy... 37 1870 D254 1.93 
44 27 36 0 Clears sasha. ose 100 1871 24.8 3.95 
39 25 32 0 | Partly Cloudy... 78 1872 21.6 0.42 
34 18 26 OLOL We Cloudy: ..2.0.22 11 1873 15.9 2.98 
20 13 16 0:02.) Cloudy... ..... 20 1874 27.7 3.53 
24 14 19 0.05’ | Cloudy... ....... 22 1875 12.9 1.81 
38 7 22 To Cloudy... 2 s'n 42 1876 30.2 1.63 
35 14 24 0.03 | Cloudy ape 1 1877 18.1 1.33 
22 13 18 Pei Clondyeie: sich 18 1878 29.1 1.12 
37 12 24 0.03 | Partly Cloudy... 82 1879 19.2 0.49 
29 23 26 0.21 NOUGY. ..25 sks, 2 0 1880 37.1 2.67 
31 11 21 0.05 | Cloudy........ 3 1881 17.0 POH 
23 2 12 0.02 | Partly Cloudy... 72 1882 24.9 1.47 
29 15 22 0:04) Cloudy.:...:... 19 1883 14.4 1.53 
24 -4 10 0.01 | Partly Cloudy... 68 1884 pep 1223 
12 -4 4 ee) (EE ae rae 90 1885 15.3 2.70 
15 -7 4 0 Clears ss sack 100 1886 18.8 2.66 
18 -12 3 0 Cleans ot vances 100 1887 18.2 3.25 
24 0 12 0 Clean ae tec > 100 1888 15.4 2.18 
27 8 18 0 | Partly Cloudy... 74 1889 28.0 1.53 
31 7 19 0 NBA F Ee) savecrele + 100 1890 31.5 2.31 
36 if 22 0 Clears ene 87 1891 26.7 0.82 
39 14 26 0 Partly Cloudy... 92 1892 19.2 0.96 
45 18 32 0 Partly Cloudy... (6) 1893 14.8 1.78 
: 1894 26.9 1.37 
1895 17.5 1.04 
1896 24.6 0.79 
1897 22.3 4.17 
1898 24.9 3.07 
Mea ZhesEte pera gira. oss eee ce cles cioe omeublcbicacisve.asler teen s 30.5 1899 PARTE 2.03 
NEEANMOMWERE LOIN DELAL ECE: yar Sata ee Wee eee ae cic wche aay oreterate eas is ae co ase 11.6 1900 25.6 Les 
Mean temperature for month 21.0 1901 22.2 itil 
Total precipitation fer month 1.23 1902 20.5 0.43 
1903 20.7 1.20 
1904 14.4 2.82 
WEATHER. 1905 18.2 1.07 
1906 31.8 1.99 
1907 Dao 3.97 
INGHINer AY BIONGar: sara eR RS ke ee Be a 1908 23.8 1.89 
VEER: (UDEG KALI SR Dd a A aN 10 1909 26.6 2.16 
(ONT RAL cht Seated Payee oe Mes See bent eer Enron a Re vd el Pet 14 1910 23.4 2.52 
With 0:01 inch or more’of precipitation... 0..........0cceneeececncee 13 1911 251.2 1.43 
1912 9.2 0.80 
1913 26.2 3.10 
SUNSHINE. 1914 27.0 2.98 
1915 20.4 1.54 
1916 27.6 3.11 
BNE Dera GUT AILS NING wee tree ae ieee Opens ge or eRe, we poem AN 8 CL 148.5 1917 21.0 1.55 
Pons ble Hours SUNSHING Abts. so ae ee tiek iio ne voll chsh athisabeun estas 292.5 1918 10.2 2.08 
PPrRCTILAZEL ON TOSSIEIE mer ace at tee = tee rnc, Maio see topes a: sis.s 5a nema 51 1919 28.5 0.36 
1920 1372 1.34 
1921 29.2 0.41 
1922 21.0 1.23 


BaROMETER—Mean, 30.17 inches; highest, 30.80 inches, on 24th; lowest, 29.44 inches, on 4th. . 

TremMPrRATURE—Highest, 48°, on 4th; lowest,—12°, on 25th; greatest daily range, 31°, on 14th; least daily range, 6°, on 18th; 
normal temperature, 22.7°; departure, —1.7°; accumulated departure since January 1, —51°; average daily departure since 
January 1, —1.7; highest in 37 years, 63°; lowest, —26°. 

PRECIPITATION (in inches)—Total this month, 1.23; normal, 2.09; departure, —0.86; since January 1, —0.86; greatest amount 
in 24 hours, 0.74, on 4th; total snowfall, 5.9 in. 

Winp—Prevailing direction, southwest; total movement, 5,498 miles; average hourly velocity, 7.4 miles; maximum velocity, 
27 miles per hour from southwest on 4th. 

_Dates or—Auroras, 0; hail, 0; sleet, 0; fog—dense, 29; thunderstorms, 0; halos—solar, 14, 27, 31; halos—lunar, 10, 17; frost— 


killing, —; heavy, —; light, —. 
g Vy & DEWEY A. SEELEY, 
Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, FEBRUARY, 1922. 


This month since 1863. 


Year. 


Mean 
tempera- 
ture. 


Total 
precipita- 
tion. 


21.6 


Temperature. 
as Percent- 
—  ——_ ] Precipita- 
Date. poe Chataoler of pect 
inches. Bale eae iS 

Highest. | Lowest. Mean. SUES 

1 tee A 41 = 80) 3 Oa iClondyemasee cere 2 
pie Sears 36 20 28 (0:02) | NCloudyaeuee. ae il 
Che ene 25 21 23 0202s|sCloudyeneee ack 0 
AN asc te 33 22 28 0 | Partly Cloudy 48 
eee cr ae 36 23 30 0.10 oudyeeee cscs 0 
(s.6 meee 32 23 28 TeliGloudyiees os, 7 
tions ake 27 17 22 hy Cloud yarn eens: 48 
Bo tare oe 36 19 28 0 | Partly Cloudy... 88 
Diese 42 30 36 0 | Partly Cloudy... 38 
Ves oat 2 48 28 38 T. | Partly Cloudy... ru 
ile oe 40 18 29 0 | Partly Cloudy... 92 
DN eeu: ae 20 14 17 OU AClontiyeees a. oe 0 
be eerie 22 6 14 T. | Partly Cloudy... 52 
Eee 29 8 18 RpiaClear seman ee so 80 
AS cise te 20 5 12 T. | Partly Cloudy... 61 
Gee he 15 0 8 T. | Partly Cloudy... 81 
il (eee 29 2 16 Os Cloudy ae. ae 10 
1B fate 39 29 34 De Aloud yee cng: 24 
1.9). yorean ap 45 32 38 De iCloudyisi ec. 0 
Oech aneees 32 20 26 0 | Partly Cloudy 42 
Bile, isc 34 19 26 0.24 loudy.... 31 
OP NCTA 0 51 32 42 OL08 a) Cloudy we cen .e 2 
ate gta 55 12 34 Ov2Ms|\WCloudypenee see 0 
5) OS ee 26 9 18 Op a@learke ree ae 100 
DEIN bare 28 20 24 ONOTy| SCloudyseneee. a 2 
DOME Ate 35 25 30 0.03 | Partly Cloudy... 47 
OY ae 36 18 27 OLOLT | NGlondyaene cee 20 
Of antes 8 25 13 19 0 | Partly Cloudy... 78 
DO see ie Nelle ca akainictcs PA Rasa hata SL ow neiatone Geel Gea tes ha ease ene em etic cope 
YM ey | aR nee ROS eNO | cep Re eA ae Alla Am N cok 4 de || ee 
Ci A nea) AE ei tte ir | ara aera al erties ainda ber a RB tS eg lor laa eee ee 


Meanthighestitemperatures <..cc tence sari ea nian Sine teraniek eer atinen mre are 33.5 

Mean lowest temperature............ 18.4 

Mean temperature for month 26.0 

Total precipitation for month 0.97 

WEATHER. 

INU berdaysiGleary . te Recetas or syete ities torre trstarosade’ icles ahcvaiorelc lve tales eR eeteereteks 2 
Leia viata (tlc h PARE 55.5 GRA er fo Ate eA AeA aCe EAE RE eiacin ciniso Aun 11 
Cloudyi24 ann oh arene pier se pneonsoopmeydaaanbeeEbocss Gacaschuboed 15 
With 0.01 inch or moreiof precipitation...........5.. 0... 000s cee cede vere 11 

SUNSHINE. 

NMA De Hours SUNSHINE 8s a. toae eee ele te ee ee erel te el oa eae y eactoberaenereye 109.8 

(Pasniblehoursisunshinesy h.): <a.Ast sete eae eho eee catnts sareae ioe leememeraere 295 .2 

Rerdentae ob possible: ker AS. sh cee eee ea tednre Mee een Gis ts,ore eee veleeeoemetre 37 


WNW NWNKRENENENNNNENE ENR eR ENN NENW We bbb Rew 
DWOODNENADSCOSNWOMNNR OR SWINSON NAWOEPORRH ADR ONE NOW OO 


CHOHR WOON OBR N END WOR HEH WHOR WH HOH OOH HEN ERE OHOW RN WEEN OWNROOR EN HEWNROS 
ANH ORD ODOCOMPNIMNMAOSCAN NOCD RW REN TH NWWWHODNOCREAWOODUNNWEOROMANAWOMNOWOS AT 


BaRroMETER—Mean, 30.08 inches; highest, 30.71 inches, on 28th; lowest, 29.37 inches, on 2d. i 
TreMPERATURE—Highest, 55°, on 23d; lowest, zero°, on 16th; greatest daily range, 43°, on 23d; least daily range, 4°, on 3d; 
normal temperature, 21.6°; departure, +4.4°; accumulated departure since January 1, +-72°; average daily departure since 


January 1, +1.2; highest in 37 years, 82°;.lowest, —12°. 


PrREcIPITATION (in inches)—Total this month, 0.97; normal, 2.02; departure, —1.05; since January 1, —1.91; greatest amount 


in 24 hours, 0.24, on 21st; total snowfall, 4.6 in. 


Winp—Prevailing direction, southwest; total movement, 5,282 miles; average hourly velocity, 7.9 miles; maximum velocity, 


30 miles per hour from southwest on 23d. 


Dares or—Auroras, 22; hail, 0; sleet, 12; fog—dense, 10, 21, 22; thunderstorms, 21; halos—solar, 8, 10, 17, 18, 20, 26; halos— 


DEWEY A. SEELEY, 
Meteorologist. 


lunar, 8; frost—killing, —; heavy, —; light, —. 


METEOROLOGICAL TABLES. 


MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, MARCH, 1922. 


Temperature. This month since 1863. 
Precipita- Character of ee 
Date. tion in da ossible 
inches. y: aa hina! Mean 
Highest. | Lowest. Mean. BunsnIne: Year. tempera- 
ture. 

i panies eee 23 15 19 Ov14 Cloudy. see: 0 1863 
5 aad RO 35 19 27 0 | Partly Cloudy... 71 1864 31.7 
Searevars cists 42 14 28 0 Clear naka. 100 1865 37.0 
(| ae 47 20 34 0 Clear. . : 100 1866 29.1 
Bete oka 51 27 39 0 Clears Seer 99 1867 29.7 
Gieretete, 2, seer: 53 36 44 0.15) |" Cloudy... 25.5: 40 1868 37.8 
eer ts 38 21 30 0.06 | Cloudy......... 0 1869 27.6 
Bes carte 42 25 34 0 Clears, sitehness 81 1870 30%. 
Ue Hace 50 30 40 0 Partly Cloudy... 68 1871 38.2 
ti eee 55 30 42 0.05 | Partly Cloudy... 56 1872 24.8 
15 Nee eae 45 29 37 Oea7a i Gleareek es eae. 80 1873 28.3 
iy Sa eee 52 26 39 0 | Partly Cloudy... 90 1874 32.3 
iS Dteaene 61 34 48 0 Partly Cloudy... 79 1875 26.2 
TAR RO on Ss 55 33 44 0 LOUGYo sce: 40 1876 30.6 
EF oracles 2 52 29 40 0 (Clear aa ac 100 1877 24.5 
Btrcrte siete 40 24 32 0 Partly Cloudy... 86 1878 40.9 
7; Se 37 20 28 0 Partly Cloudy... 64 1879 epee 
i SSpare 31 19 25 OTIS Gloudy 3: 236 See 0 1880 3).0 
DOO eS Ade 45 30 38 Oebar le Gloudy: = ccnees 0 1881 30.3 
2.1 re eae se 43 25 34 OShleCloudy:2. 2. 22 0 1882 36.0 
Rails eis acd & 28 22 25 0.03 | Cloudy. 21 1883 24.9 
te aaleaas 36 17 26 0 (G) ESTs NERS ays 100 1884 29.9 
Bee rapele t= 56 26 41 0 ileare nica: 80 1885 213 
DAR hi. oe 47 33 40 OOM Cloudy. 27 coe 19 1886 31.3 
DNS sec ccstae 71 37 54 0 Partly Cloudy... 66 1887 28.3 
DENS Sicree cooks 47 33 40 0.03 | Partly Clee. ss ay f 1888 27.0 
Oe ef a 40 33 36 OF10 "Cloudy... 2.52%. 0 1889 37.6 
Pe Ream aet f 51 30 40 0.39 | Cloudy 2 1890 28.2 
OE 5 519s 39 25 32 0 Partly Cloudy... 74 1891 29.3 
Sl aoe 32 28 30 OLDTHKCloudy ses. e: 0 1892 29.9 
cul See eet 31 28 30 0.57 || Cloudy... 5....: - 0 1893 28.2 
1894 40.1 
1895 27.2 
1896 28.7 
1897 33.0 
1898 37.0 
Moennunehestibem perabireseinss- acs ieecsele ce ais cae shee cent haveeie de geaee 44.4 1899 26.3 
PRIMO Wes Hermncranurerer os ce deri pyeots ria ts ac rise oaeree meme sAemeenanei es 26.4 1900 23.6 
MeaitaniperatilrenOrnmouth scent cert ten tae. Reet. neice ce ceahek ccce arte ns 35.4 1901 31.1 
Saf aLECIDILAMOM OF MODLN +.) ents ere eine cece Ronee aoe ome. thenee tee 3.69 1902 38.0 
1903 41.0 
1904 30.2 
WEATHER 1905 35.4 
1906 26.2 
1907 38.6 
Number days clear...................- OF Se DCW RS ASAE aad © BAN CRE Secchi 8 1908 34.8 
Rath lvaclodd yess cee hic cclodtoette sateicnme ez a's Ge dowalegn titan cd akivemene 10 1909 29.9 
( CUGTINO RO 4 2. sic lec a ap iea. 4 AES Se DIE OARS ie aie Hae nite reeiokantc ad Steaks 13 1910 44.0 
Wath'0.0l,inch:or more‘of precipitation. ....:..... ceases seccentaeracsccse 15 1911 BPE 
1912 22.4 
1913 31.0 
SUNSHINE 1914 ol 
1915 30.1 
1916 26.2 
Nigiri penyHonmrsy RUNGHINE Re calcu eae ec Ate are a St om ROAR SA A Oa eects 186.0 1917 34.6 
Poscible Moursaunsninessss: - 4. cm sweet fe wos oo POE Roe cae tsa teks care 370.5 1918 ayia 
Percentareor possible oo. 0)... we ceavies waknw dies Sarit SRO Ee ocne 50 1919 33.8 
1920 35.2 
1921 40.4 
1922 35.4 


BaroMeTER—Mean, 80.07 inches; highest, 30.67 inches, on Ist; lowest, 29.13 inches, on 20th. 
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Total 
precipita- 
tion. 


4.65 


= 


D 09 Ori G00 
©  IGo Go Go 


TreMPERATURE—Highest, 71°, on 25th; lowest, 14°, on 3d; greatest daily range, 34°, on 25th; least daily range, 3°, on 31st; 
normal temperature, 32.3°; departure, +3. Cae accumulated ‘departure since January 1, +167°; average daily departure since 


January 1, +1.9°; highest i in 37 years, 88°; Jowest, 10°. 


PRECIPITATION (in inches)—Total this month, 3.69: normal, 2.26; departure, +1.43; since January 1, —0.48; greatest amount 


in 24 hours, 0.97, on 30th; total snowfall, 11.3 in. 


Winp—Prevailing direction, northwest; total movement, 5,877 miles; average hourly velocity, 7.9 miles; maximum velocity, 


24 miles per hour from northwest on 20th. 


Dates or—Auroras, 0; hail, 0; sleet, 11, 18, 26, 30, 31; aoe ene, 0; thunderstorms, 6; halos—solar, 6, 9, 10, 13, 14, 17, 26; 


halos—lunar, 9, 12, 13, 14; frost—killing, _ ; heavy, — ; light, _ 


DEWEY A. SEELKY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, APRIL, 1922. 


Temperature. This month since 1863. 
Pe Percent- 
Date SRT LERAD RSE ON pes Character of age of 
; inches. day. ieee Mean Total 
Highest. | Lowest. Mean. MIR Year. tempera- | precipita- 
ture. tion. 

42 25 34 0 | Partly Cloudy 79 1863" )| Shane eee 
48 26 37 0 OURYRe ace awe 40 1864 45.9 3.80 
50 37 44 0.04 | Cloudy......... 9 1865 47.4 2.32 
53 38 46 0 | Partly Cloudy... 78 1866 48.9 1.40 
57 34 46 TP wuCloudye 22 ie: 32 1867 48.2 2.19 
70 43 56 0 Partly Cloudy... 45 1868 43.7 1.83 
74 49 62a) eterna Cloudyee. 22.0%: 39 1869 45.7 3.42 
67 45 56 T. | Partly Cloudy... 43 1870 50.4 2.02 
73 54 64 0.12 | Partly Cloudy... 92 1871 49 8 2.97 
80 53 66 0.75 | Partly Cloudy... 77 1872 47.4 1.26 
59 35 47 1519.) Cloudye tee... 28 1873 43.2 3.88 
41 32 36 0:03: |. Cloudy... .. 2. ..: 5 1874 36.9 1.67 
51 31 41 0 Partly Cloudy... 57 1875 41.1 0.61 
49 33 41 0.18 ONOVers ieee 49 1876 44.2 2.08 
60 34 47 0 Clear 100 1877 46.2 4.14 
69 40 54 0 @léanwe tse. oo 99 1878 50.6 3.76 
71 37 54 1.27 | Cloudy.. 40 1879 44.8 125 
51 37 44 0 WleaTe sas oe 89 1880 45.9 7.06 
58 30 44 0.14 | Partly Cloudy... 60 1881 45.6 1.73 
45 27 36 0 Clears ee 85 1882 44.7 1.88 
49 31 40 0 Cleary a 59. 100 1883 43.5 1.90 
52 30 41 0 | Partly Cloudy... 55 1884 43.7 1.95 
61 29 45 0 CaN En et 100 1885 43.6 2.47 
63 38 50 0 Cloudy. . 65 1886 50.2 1.99 
55 45 50 0.03) 1° Cloudy: 25-5. 2 1887 45.4 0.90 
55 34 44 0 Cloudysse 222. = 8 1888 44.0 1.15 
50 30 40 0 Partly Cloudy... 62 1889 46.6 2.02 
54 28 41 0 Pleartnerenns ct: 100 1890 47.2 3.20 
65 31 48 0 Clear eee tke 100 1891 47.4 1.74 
67 34 50 0 Clear 100 1892 44.5 2.04 
iat et dita osayal tehereder ay ones, ats, ba eset “a egal ata ce sto rax SP eae | ae eM anole Mee etn Se micah oe 1893 43.5 4.81 
1894 48.4 2.76 
1895 48.6 0.67 
1896 52.6 PALS 
1897 44.6 2.74 
1898 43.6 2.12 
Mean highest cemperature cc. tec hdestnciea. eine re ee neon ee 58.0 1899 49.8 1223 
Meanilowestriem peratinetes nc. /scyoe tee cclns eis tel orice eee oe eee eee 35.7 1900 47.4 2.00 
Mean temperature formonth:... jas ako ce eke cee ee ie eerie: 46.8 1901 46.4 2.16 
Wotaljprecipitation- ton months. / ees ercch ston eerie ae ere ean ra oa 3.75 1902 44.6 1.70 
1903 43.0 4.40 
1904 39.4 0.50 
WEATHER. 1905 44.6 1.49 
1906 46.6 2.43 
1907 37.8 2.81 
Winmber daysvolear S005 age o. 2 bape eae St tne Sea SN a ened AL i AG 1908 44.6 2.15 
Petr tly se loudyscs oe toi ares oe, eesti ed Rese et ieee pape eta eet RS ea EM 10 1909 42.8 5.96 
lonidy: (ys see oes eee ae sche esc er Saath LOR Ne REAR eI OE ANE 11 1910 49.2 2.48 
Waith.0:0iinchiorimore of precipitanionso-. oc. ose neeeecn e eiee ae 9 1911 44 3 Jt 
1912 45.6 3.12 
1913 45.9 3.10 
SUNSHINE. 1914 44.7 2.90 
1915 51.6 1.00 
1916 45.7 1.91 
Nnmber hours sunshine +347 s<..: sf. ees Sat ees cians ae eo Renee 247.9 1917 42.4 5.59 
Possible;hoursisunshine 47.8: seer: ee cae eer rere oes Leo eee 402.5 1918 42.4 1.97 
Perpen age pi MOesIDle- v.2a kesh ekisee oes oc Pete ee eI eT ee eee Eee 62 1919 44.8 4.13 
1920 39.9 Be) 
1921 51.6 3.80 
1922 46.8 3.75 


BaroMETER—Mean, 30.04 inches; highest, 30.46 inches, on 28th; Jowest, 29.06 inches, on 11th. : 

TreMPERATURE—Highest, 80°, on 10th; lowest, 25°, on Ist; greatest daily range, 34°, on 29th; least daily range, 9°, on 12th; 
normal temperature, 45.6°; departure, +1.2°; accumulated departure since January 1, +203°; average daily departure since 
January 1, +1.7°; highest in 37 years, 88°; lowest, 10°. ‘ r 

PRECIPITATION (in inches)—Total this month, 3.75; normal, 2.54; departure, +1.21; since January 1, +-0.73; greatest amount 
in 24 hours, 1.93, on 10th and 11th; total snowfall, T. in. : ; ? : 

Winp—Prevailing direction, west; total movement, 5,365 miles; average hourly velocity, 7.4 miles; maximum velocity, 32 
miles per hour from southwest on 19th. 

Dates or—Auroras, 22; hail, 17; sleet, 0; fog—dense, 0; thunderstorms, 10, 17; halos—solar, 2, 4, 7, 8, 10, 11, 14, 19, 24, 26, 27; 
halos—lunar, 0; frost—killing, 20, 21, 22, 23, 27, 28, 29; heavy, 15, 30; light, 14, 16. 

DEWEY A, SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, MAY, 1922. 


Temperature. This month since 1863. 
whe Percent- 
v7 Lo Precipita- Character of age of 
Date. tion in Ze aeSis 
inches. y- Ease rhs Mean Total 
Highest. | Lowest. Mean. ; Year. tempera- | precipita- 
ture. tion. 

1 st fe ae 72 40 56 Oh TEC lear eanteyte sarod 100 ASG Sei tress, ters as eee Ames 
a a a 77 52 64 0 Partly Cloudy... 73 1864 60.2 2.87 
2) Sete eS 62 56 59 0.46 | Cloudy......... 6 1865 57.6 1.77 
ee Tx. 70 51 60 Yl Cloudyaws teste 22 1866 55.0 3.48 
Pols hatte. 73 45 59 0 Partly Cloudy .. 92 1867 61.1 3.80 
Die eae 72 51 62 0.02 loudyetsec zee 55 1868 59.1 2.80 
aes bots 70 44 57 0 Glean=oe ks. 100 1869 56.0 2.05 
Bersranrsn 70 40 55 0 Partly Cloudy... 70 1870 64.3 1.16 
[UN se eae 75 52 64 0.17.) Cloudy. 32.5. 40 1871 , 61.4 1.97 
LOS OSS ses. 83 61 72 OvOR i Clears: oo cheer 83 1872 58.5 3.72 
th DF Sa 87 56 72 0 Glear fanned 88 1873 56.9 3.05 
1 ae ae 75 52 64 0.03 | Partly Cloudy... 53 1874 59.6 aa: 
iy aera 73 49 61 0.06 | Partly Cloudy... 76 1875 60.8 4.46 
15: BS ae 73 45 59 T. | Partly Cloudy... 97 1876 58.0 4.13 
LG ee ee 73 46 60 T. | Partly Cloudy... 83 1877 58.2 2220 
Lp ee 73 49 61 0.05 | Partly Cloudy... 76 1878 54.6 3.44 
Were Sat 68 54 61 0.23 | Cloudy.. ene 15 1879 58.8 2.45 
per aret a 66 55 60 0.54 | Cloudy......... 18 1880 64.3 5.59 
1 jaan 61 54 58 0.80 | Cloudy.. 3 1881 65.2 iil | 
re 74 53 64 Po) Cloudy.’ éan2 48 1882 52.7 4 04 
rl b2 eae if 54 64 0 Clears 20) srs 100 1883 52.8 5.66 
Aa e 76 47 64 0 (G) CE Rae eae 100 1884 56.9 3.95 
Doe 80 50 65 0 Partly Cloudy... 97 1885 55.8 2.30 
2 Sa 83 58 70 0.95 | Cloudy......... 42 1886 58.1 2.67 
01 ie ee 78 61 7 0.02 | Cloudy. 40 1887 64.3 2.42 
Ay SEE 80 49 64 0.05 | Cloudy. 43 1888 pay | 3.66 
Pipes 74 46 60 0 Clbar 7-22" 54 100 1889 57.4 3.61 
eS erla hay ahe 77 46 62 0 Clear PES 100 1890 53.7 4.98 
74 ean sa Ae 80 46 63 0 lean. 100 1891 55.7 1.63 
C{) eas see 83 54 68 0 Cleary a8 96 1892 54.5 5.92 
ll Aare 81 52 66 T. | Partly Cloudy 69 1893 54.4 2.86 
1894 56.9 4.83 
1895 61.8 2.06 
1896 66.5 3.14 
1897 55.8 3.29 
1898 56.5 2.15 
Mean highest temperature... 0.00.00. 5.0.00... 00 odds eweas. pat eaten tee Ss 74 6 1899 58.8 3.59 
Mea mliwesp temperatures ce sata) ek eee ek sue ke Sage tne ieh tle 1 ee 50 6 1900 58.8 4.17 
Miexiipemperauine LOD INONENS atk bee kit ae cee eee ee See One sone 62.6 1901 55.2 2.42 
Hokalprecipleanlon: FOrAMONthsyt-aeee eer eke ay eae ee a oon ens 3.39 1902 58.4 4 92 
: 1903 59 5 2.63 
1904 57.4 2.40 
WEATHER. 1905 56.7 ae ys 
1906 56.6 3.05 
; 1907 ble 2.22 
INDATE ost evTa EAT (Cel Se ON ahs Cae ee here ei a Nee porn sane nee A ot ttle a 10 1908 59.6 5.59 
PATHOCIOU Cy asters Vea eee Anes ee ee eae ik: Men at Mead age 10 1909 55.8 2.44 
CURTIN he Pe staal okie IRM halal cata 5 OMe Con Rae ie ee ele OER GEL 11 1910 The 4.13 
With 0.01 inch or more of precipitation.............2........2.2.2....... 13 1911 63.5 2.67 
1912 57.6 6.57 
1913 56.2 2.22 
SUNSHINE. 1914 58.6 4 66 
1915 DID 2.74 
1916 56.6 5.13 
INT DEMONTE SUNSHINE Lesnar easter ees ets hee a eerietie nah dere. op coo 306.3 1917 50.2 3.37 
ROSSD Ee OEs SUNS ine Sergey ce mre aeaA ee ieee cea eee ele Ue cae . 454.7 1918 61.1 2.89 
ECRCENLAP ELE LOSSID EEE eee ae eclae eet ne ie ea Bin ne ope ah ene 69 1919 545 4.29 
1920 55.1 1 43 
1921 60.4 1.33 
1922 62.6 3.39 


BaroMeter—Mean, 29.96 inches; highest, 30.40 inches, on Ist; lowest. 29.16 inches, on 19th. 

TEMPERATURE—Highest, 87°, on 11th; lowest, 40°, on 8th; greatest daily range, 34°, on 29th; least daily range, 6°, on 3d; 
normal temperature, 57.1°; departure, +5.5°; accumulated departure since January 1, +378°; average daily departure since 
January 1, +2.5°; highest in 37 years, 95°; lowest, 17°. < 

PRECIPITATION (in inches)—Total this month, 3.39; normal, 3.58; departure, —0.19; since January 1, +0.54; greatest amount 
in 24 hours, 1.32, on 18th and 19th; total snowfall, 0.0 in. : ; 

Winp—Preyailing direction, southeast; total movement, 3,497 miles; average hourly velocity, 4.7 miles; maximum velocity, 
21 miles per hour from northwest on 7th. : 

Dares or—Auroras, 0; hail, 0; sleet, 0; fog—dense, 4, 11; thunderstorms, 4, 6, 9, 12, 16, 17, 24, 25, 31; halos—solar, 1, 5. 8, 
9, 14, 23, 24, 26; halos—lunar, 2; frost—killing, 0; heavy, 0; light, 0. 

DEWEY A. SEELEY, 


Meteorologist. 
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MONTHLY METEOROLOGICAL SUMMARY, LANSING, MICHIGAN, JUNE, 1922. 


Temperature. This month since 1863. 
ane Percent- 
Mate Pree Character of age of 
inches. day. mae Mean Total 
Highest. | Lowest. Mean. Se: Year. tempera- | precipita- 
ture. tion. 

1p se 72 44 58 0 | Partly Cloudy... 87 1863) |). isicwendotanl nee 
Dies eee ft 75 48 62 0 | Partly Cloudy... 100 1864 67.6 3.88 
poe 76 52 64 0 | Partly Cloudy... 88 1865 70.8 opp 
AN Te Rasa: 80 47 64 ON| Clearaayrarnc. 100 1866 66.6 5.37 
Digs see fe 81 59 70 0.03 | Partly Cloudy... 47 1867 71.6 2.83 
(Jets cc 84 58 71 0 Cee ee 90 1868 68.5 3.50 
eras te 88 60 74 0 Clearer oe 99 1869 64.4 4 40 
ye eee 86 66 76 0 | Partly Cloudy... 97 1870 70.9 Woe 
Cheba 87 65 76 0.45 | Partly Cloudy... 78 1871 68.2 2.93 
Opp Ae. £2 63 72 0)..56° |. Gloudyse ees... 49 1872 71.8 3.45 
iL See 2 A 77 59 68 0.08 | Partly Cloudy... 71 1873 70.6 2.96 
LAR ee 74 52 63 0 Glearsraee..:.2 97 1874 70.6 5.07 
Nee asic 67 51 59 0.04) ‘Cloudy. 7-2. .... 20 1875 66.6 1.84 
Mee econ eter 81 53 67 0 || Partly Cloudy... 100 1876 68.1 4 34 
(eye ae a 84 56 70 0 Partly Cloudy... 61 1877 65.9 3.53 
NGixe cer ec 86 62 74 0.26 | Partly Cloudy... 44 1878 64.1 3.15 
Line 72 61 66 0.020| (Cloudy... = 23 1879 66.0 2.87 
UU hes Selene 72 59 66 OW “Cloudyes ease: 53 1880 67.6 5.04 
ib a oe 79 53 66 0 Partly Cloudy... 97 1881 64.3 4 37 
OOo As oe 81 56 68 T. | Partly Cloudy... 82 1882 66.5 Supa 
Pais ae rare 75 51 63 0 | Partly Cloudy... 62 1883 65.9 11.35 
DOE tos 79 49 64 0 Weamin het te 100 1884 68.9 2.83 
PM ee Ee oe 87 49 68 0 | Clear.. 95 1885 64.7 6.01 
DE ie aie § 91 62 76 0 @leariee ser .ot 95 1886 65.7 1.92 
a ee ed 68 48 58 OT Cleareee ee: 86 1887 68.5 2.47 
DA ik een F ie 47 60 0 | Partly Cloudy... 82 1888 67.9 2.51 
UY iets ee 77 58 68 0:037|\"Cloudy... 225... 38 1889 62.8 3.42 
OA fe ee 81 56 68 0 | Partly Cloudy... 71 1890 70.3 3.92 
DANS ae 83 60 72 0 Partly Cloudy... 89 1891 67.4 2.00 
STO ee oe 87 57 72 0.36 | Partly Cloudy... 43 1892 67.7 4.33 
CHR terse | iS ae NePerne || Seem eer ea || ACRE ie | IM RAI eh Gr bli ay eee Pi | ne aa 1893 66.6 4 85 
1894 71.4 1.30 
re 1895 71.4 1.01 
1896 69.9 2.60 
1897 64.2 2.57 
1898 67.6 4.91 
Meannighest temperature:....5.. s- es nonin ce ones cate nants c Sees See 79.5 1899 68.2 1.15 
INE ATINO WERLATEI POLAT UNE ts cl-c Gays ite aeaes ame oTerce tte ee lu mene rerelnerer eet Tie er 55.4 1900 65.2 2.57 
Meantempenrntiire horem Olin. (cat eiicae cyte cam merece mre nie nee een Mere 67.4 1901 68.0 3.57 
sRotaluprecipitavlonTormonthin cnn faye aoe OL tee oe ae ee 1.83 1902 61.8 7.28 
1903 62.0 6.28 
1904 65.6 2.49 
WEATHER. 1905 66.2 7.47 
1906 67.1 4.61 
1907 65.0 Psy 
Number day silane sete teat, hc nese acs wt ate eh een trek ee ie One erin nee a 8 1908 70.0 1.23 
Partly cloudy..s.25-2osae1 resents Be ae TGIENe Racer NUSRAT IS er ICT A CET RP 17 1909 66.7 2.86 
(CITING Fe ANS, ates ats SS MAS Em Re Oey cme rans SE pe RR ORO ene 5 1910 64.9 1.95 
Wathi0Olineh: or more/of precipitation: . Wiese. vero ote ne saeco 9 1911 68.0 3.77 
1912 63.1 0.97 
1913 67.6 1.01 
SUNSHINE. 1914 66.0 4.11 
1915 61.0 3.96 
1916 61.4 5.39 
Nias berth curs sunshine -synrayrer ers toe eretone alee area arene verre crea ecto 343.7 1917 62.4 4.54 
Hossl bleshours Sunshine) 5, coc cib ic te re ote coe ae aoe ee ae es oeieeeinee 459.4 1918 64.4 2.07 
IPEICEM ARE TON POSSI DIGS: cvsyur.tccan os sbicetsis ere eNe seve ere ene eee eae etalnrat sono hatelee 75 1919 71.9 3.18 
1920 67.7 4.17 
1921 70.6 3.24 
1922 67.4 1.83 


BaromMeTER—Mean, 29.98 inches; highest, 30.25 inches, on 25th; lowest, 29.53 inches, on 11th. ; 
TEMPERATURE—Highest, 91°, on 24th; lowest, 44°, on 1st; greatest daily range, 38°, on 23d; least daily range, 11°, on 17th; 
normal temperature, 67.2°; departure, +-0.2°; accumulated departure since January 1, +386°; average daily departure since 


January 1, +2.1°; highest in 37 years, 99°; lowest, 34°. 


PrecrprtaTion (in inches)—Total'this month, 1.83; normal, 3.40; departure, —1.57; since January 1, —1.03; greatest amount 


in 24 hours, 0.82, on 9th and 10th; total snowfall, 0.0 in. 


Winp—Prevailing direction, southwest; total movement, 3,031 miles; average hourly velocity, 4.2 miles; maximum velocity, 


20 miles per hour from south on 30th. 
Dares or—Auro, 0; hail, 0; sleet, 0; 
frost—killing, 0; heavy, 0; light. 0. 


fog—dense, 0; thunderstorms, 5, 9, 10, 16, 27, 30; halos—solar, 2, 3, 26; halos—lunar, 1; 


DEWEY A. SEELEY, 
Meteorologist. 
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REPORT OF THE DEPARTMENT OF HISTORY AND 
POLITICAL SCIENCE. 


President David Friday, 
East Lansing, Michigan. 
Dear Sir: 


The Department of History and Political Science submits the following 
report for the year 1921-22. 

The department staff has been busily occupied in teaching the courses 
offered in the various divisions. Two things stand out with some promi- 
nence in the year’s experience. One is the enlarged enrollment in our 
classes. This is due partly to a more generai interest in the subject matter 
on the part of our students, and partly to the addition of one or more 
new courses for the Applied Science Division. 

Another feature of our work is the addition to the curriculum of courses 
in Industrial History. The opportunity to add this was very welcome 
since the desirability of such courses had been apparent for a number of 
years. We hope to make this work worth while as time is found to de- 
velop courses of this nature. 

We cannot forego the opportunity to express our conviction that 
students in the technical divisons should find opportunity to pursue 
courses in History and Political Science in one or more terms of the 
earlier years of the courses. The value of this subject matter to college 
students is increasingly recognized today. Somewhere in the early part 
of his college career, a survey of the great historical movements in human 
affairs ought to be given consideration. 

In closing, I express my appreciation of the splendid efficiency of my 
associate in the work of the department, in the person of Mrs. Mary 
Hendrick. 

Very truly yours, 
E. H. RYDER, 
Professor of History and Political Science. 
Fast Lansing, Michigan, June 30, 1922. 
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REPORT OF THE DEPARTMENT OF MUSIC. 


President Dayid Friday, 
Michigan Agricultural College. 
Dear Sir: 


The report of the Department of Musie for the year ending June 30, 


1922, is as follows. 


Number of students enrolled 
Fall Winter Spring 


Pianeta ee ORs Be RA «a Pama 3900 
NiGHCR MS ES Le Sn eR eS. Se ee eRe = Rua 44 
WiDr RA, pe ee EN ace reer sek 8 16 
RTA TOT VL SOLEUS INS Oo) SL RMB Solitons 9 
Band ists). ice ey ee J NN ie amet aoe 7, 2a 

HOTA Shes. SESS A Ley ee Sie weg ear 129 


48 
48 
21 


24 


These students received one lesson a week, with five hours practice. 
Recitals were given from time to time by those who were qualified. Musie 
was furnished for all occasions both on and off the campus. 


The Men’s Glee Club assisted when called upon. 


The orchestra was a 


new feature this year and was made possible only by the untiring work 
of Miss Delia Bemis, Instructor in Violin. We had the best band in the 
history of the College, and prospects are for a much larger enrollment 


in all departments next fall. 


Our needs are many, and we hope that in the near future many of 
them will be met, particularly a larger building and some new equipment. 


Respectfully submitted, 
J. S. TAYLOR, 
Director of Musie. 


Fast Lansing, Michigan, June 30, 1922. 


* 


DEPARTMENT REPORTS. 151 


REPORT OF THE DEPARTMENT OF PHYSICS. 


President David Friday, 
Michigan Agricultural College. 
Dear Sir: 


My annual report of the Physics Department for the school year ending 
June 30, 1922, is herewith submitted. 
The department personnel consisted of the following: 


Charles W. Chapman, Professor of Physics. 

William E. Laycock, Associate Professor of Physics. 

Oren L. Snow, Associate Professor of Physics. 
(Appointed, Jan. 1, 1922.) 

Edwin Morrison, Assistant Professor of Physics. 

Wilbur H. Thies, Instructor in Physics. 

S. Elizabeth Morrison, Laboratory Assistant and Clerk. 

Ralph M. Harford, Staff Photographer. 

Wallace W. Tappan, Caretaker. 


The only addition to the teaching staff was Associate Professor Oren 
L. Snow who returned to the Physics Department, Jan. 1, 1922, after 
having been associated with the United Engine Company of Lansing, 
Michigan, since he resigned, Sept. 1, 1918, to accept a more lucrative 
position with that company. We welcome his return, feeling that the 
loss sustained by us in his going has been more than made up by the 
invaluable experience he has brought back to us. Mr. Snow was engaged 
to fill the vacancy caused by the resignation of Mr. E. B. Butler, Sept. 1, 
1921. 

Although short one instructor during the fall term, all scheduled work 
of that term was given with one exception,—that is, Physics 4a was 
omitted. This was accomplished only by crowding the work, using student 
assistants for quiz and maintaining evening laboratory classes. 

The tabulation below furnishes complete information as to the subjects 
in physics taught each ‘term, the number of hours per week devoted to 
lecture, quiz and laboratory work and the enrollment in each eubieet 
per term. 
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SUMMER _ TERM, 1921. 
No. of Hours Per Week. 
, ‘ Elective or Enroll- 
Subject. Required of Course. Optional for Sa eee 
; Lect Quiz Lab. 

Physicalds::.... ache. Sophomiores!6- 2-7 Ser land Pors= cis ec eee ate ees 4 4 4 13 

Physiestlevacrdnieees: Sophomores....... Agri and ors.c alae Coe 4 4 4 9 

Pivalcs odeaes eet Sophomores! ©... 0) SHAE. sac foe alee eee ener 4 4 4 8 

IPhystesia brea scene Gaetan ee cts af heckta deere bedeabll Agr’ls, For’s and 

Bats 9a 4 4 4 15 

Preps bys: Van os aeis so] eh vaek a ickba sate Gol ok eek oath See Soa aan bean hay 4 4 4 9 

Props lyssyl Dace tes |ottsc hoe ovcione ecthae ete One ae Ce eT eRe cere Ree 4 4 4 36 

UNO) A oh ed ae en Ne ie Nar nel ane AR a ama el | ba oo aia Pa ae al ese et Se Soha nek ceats ac 90 

FALL TERM, 1921. 

Phivstcaulditn rn eas of Sophomores. poe Agr land ores... Applied Science. . . 2 2 2 124 

Physies 2d... 2:40.42. Sophomores....... Hngineering st 4 <3))080. aneot eee ee ate 2 2 2 104 

EB YRICB Gd ec ery. ta nee aay-moreeeterce eyed oni seve cittele ie Ree ts Applied Science 2 2 2 16 

Prep. Phys. 2a........ Entrance:........ BNgineering'.. 5.4) c cates eee eee 2 3 2 4 

Prep. Phys.\2b.......-2: Entrance .... Engineering 2% ce Meru semenc eee eee 2 3 2 4 

Diba ete se elas cae eae Ie clas AE crore ar te Sentech toe lend ee Ra ee on) cere nec ber |. oe kone ee 252 

WINTER TERM, 1921. 

BH ySIGS 1 x.-<, ter cis easich Sophomores.......} Agr’l and For..... Applied Science 2 2 2 121 

Bhivaiesy fers: sate mn: SODNOMOLEsG 1,2 |) HME TMeerIN EA. yak | Seen ee mele aera 2 2 2 107 

IPSC ero at ee Leb a Eee eae ey lee Mont Loe eee eG Applied Science 2 2 2 17 
Short Course (16 weeks, 
last 8 weeks—Sec- 

ond Year)..... aE |e eA EA aay SE IC Te eC eT IE RE eee He eae fe cena Paseo ly Ocak gulle deb nn 11 
Vocational Guidance 

S160) 0) leary Sa OEE reed BA ir yee ol mann! Rel ene teh ain Sema or | DM rR or rare i bana eee Ide emt leo ain so ail|ocibio ce 80 

NG) FN A ead a ets nae oe aon ER dl Styne eran 2/8 16 ica lee: Edt eel cas a 336 


Sail 
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SPRING TERM, 1922. 


No. of Hours Per Week. 


. . Elective or Enroll- 
Subject. Required of Course. Optional for oP merit 
Lect Quiz. Lab 

Phystes 267. oi. cicntu Sophomores....... Fin sineerin ee. coe eyes lets es sie heretic ort 2 2 2 106 

PE RUGS GER renters ae | etd tile yet ern s See shee etea eae Applied Science 2 2 2 18 

: Nalehreshmenicsssa..-7|hechnicalH. Bs... |out ec ee sacle. sees 2 1 4 120 

Physics 3........... {| Sophomores....... Poubnteal HM... forse Megas a PARLE ke ah TODAS ONS 

IPIVRIGH Storer alee tee Freshmen......... Meberinarycnics o...|nacenkos treet 255 2 1 4 12 
Vocational Guidance 

ORO eer aA lee nete a emer ter eee cesar tee! Lt a pan eee eal bee Stee ell avatene siepa.all mons rertaaaets 35 

DOE ES See Ree oan Gar Ee ie aod Sha) Son COB ae eCS On Hee Shred nae Oo Onl Ise cme sen errnes 391 

Total number of students enrolled in all subjects in physics..................222.eec cece ee ceee a hk Peis tek d 1,069 


(NOTE: By request of the H. EK. Div., Physics 3 was given to Sophomore Technicals, instead of Sophomore Generals as 
scheduled, to assist in adjustments to the New Home Economics Course. ) 


~Physies 2f Magnetism and Electricity, was given during the winter 
term instead of Physics 2e, Heat, Sound and Light, as scheduled, inter- 
changes of subjects having been permitted by faculty action. Hereafter 
Physics 2f will precede Physics 2e. 

Physics 3e was not given spring term. Those back in the subject were 
classified in Physics 3 and credit substituted. 

New subjects in Physics given for the first time were: 

(a) Physics 38 (Required of Technical Freshmen in the Home 
Economics Course and Sophomore Generals in the Home 
Economics Course). 

(b) Physics 6d, 6e and 6f (lective for Applied Science Stu- 
dents) 

Subjects omitted by faculty action, because of insufficient room and 
lack of instructional force, were as follows 

(a) ‘Physics 4a (lec. for Agr’l, For. and Science Courses). 

(b) Physics 4b (Elec. for Agr’], For., H. E. and Science Courses). 

(c) Physics 4c (Klee. for Agr’] and For. Courses). 

Since Physies has now become a major subject in the Applied Science 
Course, the need for another instructor and adequate lecture, laboratory 
and quiz room in which to’ satisfactorily handle our work, has become 
imperative. In fact it will be impossible to give our complete schedule 
of work, until these are provided. Physics 6g, 6h and 61, also Physies 6k, 
6m and 6n, (Blectives for seniors in Science Course), cannot be offered 
until then. 

Respectfully submitted, 
CHAS. W. CHAPMAN, 
Professor of Physics. 
East Lansing, Mich., June 30, 1922. 
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REPORT OF THE DEPARTMENT OF PHYSICAL TRAINING. 


President David Friday, 
Michigan Agricultural College. 
Dear President Friday: 


I beg to submit the following report of the work in the Department 
of Physical Training during the past year: 

Physical training was not required of all students during the past 
year, but the large majority of them engaged in some recreative activity. 
This is shown by the fact that the gymnasium was in full use from 8 
o’clock in the morning to 9 o’clock in the evening, 6 days a week. 

First year men received training in army physical drill, calisthenics, 
mass and recreative games. In addition they were given lectures in 
health education and public hygiene. The second year men were given 
their choice of the aforementioned activities or engaging in Varsity ath- 
letics, swimming, fencing, apparatus drill, boxing, or wrestling. 

The upper classmen took exercise in intramural athletics. Schedules 
were arranged for both interclass and intersociety competition in basket- 
ball, track, indoor baseball, outdoor baseball, swimming and tennis. In 
addition, Varsity teams were maintained in football, basketball, baseball 
and track. Our Varsity teams competed with the leading teams of the 
Western Conference and the Middle West. The football team made trips 
to the University of Michigan, Marquette University at Milwaukee, Notre 
Dame University at South Bend, and Butler College at Indianapolis; the 
basketball team to the University of Michigan, Ohio Wesleyan University 
at Delaware, Oberlin College and Creighton University at Omaha; the 
baseball team to the University of Michigan, Notre Dame University, 
Armour Institute at Chicago, Oberlin College and Bethany College in 
West Virginia; the track team entered the De Paul Meet at Chicago and 
the Drake Relays in Iowa. The track team won distinction at the Drake 
Relays by winning the two mile college championship relay and the 440 
vard hurdle race. Minor sports, a new phase of work introduced in our 
department included, hockey, swimming, wrestling, and tennis. Inter- 
collegiate competition was also scheduled in these sports. 

Physical training for women is required of freshmen and sophomores, 
three hours a week, and elective for upperclass women. A physical and 
medical examination is required of all new students. A general program 
of calisthenics, corrective work, swimming, which is a required subject, 
is given to the freshmen. Sports represented are hockey, soccer, basket- 
ball, baseball, archery, rifle and tennis. Tennis and rifle are Varsity 
sports. All others are given as interclass sports. Upperclass women are 
given a complete two year course in physical education, with the view 
that they will be able to instruct in the same. 

The gymnasium is now splendidly equipped. The great need, however, 
is the addition of an outdoor athletic plant. Our present wooden stands 
are nearly worn out and entirely inadequate. The field is too small and 
the annual spring floods make it uncertain and unsatisfactory. 


ss eS 
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I respectfully call your attention to the fact that the department 
touches the life of every student in the Institution. This contact is a 
very vital one, playing an important part in the well-rounded man and 
woman. The teaching force during the year has been as follows: 

©. L. Brewer, Director. 

L. L. Frimodig. 

A. M. Barron. 

J. H. Devers. 

J. Heppinstall. 

Helen Grimes. 

Jessie MacCornack. 

yertrude Loudenback. 

Respectfully submitted, 
L. L. FRIMODIG, 
Assistant Director. 
Kast Lansing, Michigan, June 50, 1922. 


REPORT OF SUMMER SESSION. 


President David Friday, 
East Lansing, Michigan. 
Dear Sir: 


I desire to submit a brief report of the summer session for the season 
1922. This session opened on Monday, June 26th, immediately following 
the closing of the spring term and continued for six weeks ending on 
August 4th. 

The curriculum of this session was similar to that of our preceding 
summer sessions. An endeayor was made to offer courses suited to the 
needs of the various groups interested in summer work, including those 
who had failed during the year and used the summer session to adjust 
themselves in their college courses. This demand arises especially in the 
elementary work of Chemistry, English and Mathematics. 

A liberal number of advanced courses in the Divisions of Agriculture 
and Home Economies was offered to satisfy the needs of students utilizing 
the summer session to either shorten the stay in college or to supplement 
their courses selected for the regular terms. The large number of our 
students who are making use of this session for such reasons is increas- 
ing and is one of the most substantial reasons for maintaining a summer 
session. 

A third group to whom we endeavor to minister each year with not all 
together satisfactory results in numbers is the students from outside our 
student body. The quality of this contingent is high grade. Many come 
from the ranks of the teaching profession and are invariably very earnest, 

‘apable students. These include superintendents, principals and in- 
structors of our high schools, who come to us to get the Agriculture and 
other sciences offered by this College. Much more attractive terms in the 
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adjustment of credit submitted from other institutions recently estab- 
lished ought to add to the numbers of this group. 

Special efforts were put forth this summer for a new group of students. 
As a result of the consolidation movement in our school system, the de- 
partment of Public Instruction found a shortage of teachers of Agricul- 
ture to man these schools. At the suggestion of State Superintendent 
Johnson, the College presented the technical subject matter of the depart- 
ments of Animal Husbandry, Dairy Husbandry and Farm Crops to some 
fourteen men picked by the Department of Public Instruction for this 
purpose. These men continued in residence through nine weeks or until 
ithe close of their vacations, covering some twenty-four credits of work. 
This undertaking necessitated a large amount of labor in selecting and 
rearranging the material of the courses in the departments by the in- 
structors. The fact that the group stayed by and went away with words 
of satisfaction speaks well for the success of the men who did the teach- 
ing. The plan of last summer contemplated, if successful,. the continu- 
ance of the plan during another summer in order to cover the remainder 
of the technical field. I recommend that this be done. 

Still another group consisted of teachers of Home Economics in the 
high schools of the State who were invited to attend the session for ad- 
vanced work presented by special teachers under the auspices of the 
State Board in charge of vocational education. Special instructors were 
provided by the above Board including Miss Ruth Cowan of University 
of Illinois, Miss Ruth Wilson of Towa College, Ames, Iowa, Miss Mar- 
garet Stewart of Chicago, and K. G. Smith, State Super visor of industrial 
education in Michigan. The purpose of this work-in household science 
and household art was to strengthen the resources of teachers in the 
high schools of the State in the field of Household Economics. So profit- 
able and satisfactory was this effort that we hope to continue such work 
in the session of 1923. 

Finally the College arranged special courses in drawing and manual 
training ‘continuing for a two ) weeks’ period for the teachers of Agriculture 
in the high schools. This was the third successive year that work of this 
kind had been given. The effort has seemed very much worth while each 
year. 

The foregoing paragraphs contain a brief summary of the work of the 
session. It is to be noted that our efforts have been confined to the needs 
that can be met by M. A. C. to the best advantage. We have purposely 
avoided any effort that might seem to mean duplicating other summer 
schools. Response to our efforts have seemed to justify this policy. 

E. H. RYDER, 
Director of Summer School. 
East Lansing, Michigan, June 30, 1922. 
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REPORT OF THE DEPARTMENT OF ZOOLOGY AND 
PHYSIOLOGY. 


To the President, 
Michigan Agricultural College. 
Da D bn) 
Sir: 


I have the honor to submit the following report of the Department of 
Zoology and Physiology for the year ending June 30, 1922. 

The resignation of Assistant Professor Verne Te LeRoy during the 
summer of 1921 left a vacancy in the staff which has not been filled. 
Dr. H. E. Johnson and Dr. O. A. Taylor, both of the Veterinary Division, 
were assigned temporarily for work in the physiological laboratory and 
have continued to give more or less help through the year. With these 
exceptions there has been no change in the personnel of the department. 

The following data will give some idea of the kind and amount of class 
work each term: 


Fall term. Two classes in zoology ....... 82 students 
Two classes in physiology ... 156 students 
Four classes in geology ...... 84 students 322 
Winter term. Three classes in zoology ...... 59 students 
Three classes in physiology ... 100 students 
Three classes in geology ...... 69 students 228 
Spring term. Three classes in zoology ...... 57 students 
Two classes in physiology ... 29 students 
Two classes in geology ...... 42 students 128 
Summer School (1921). 
Two classes zoology ......... 18 students 13 
Total number of students: ).00.../.0.0.. 691 


Summary: Total number of classes during the year, 26; elective, 11; 
optional, 1; required, 14. Number of students taking electives, 138; 
optional, 26; required, 527, Average number in required classes, 37.6; in 
elective classes, 12.5. 

The marked inequality in the number of students handled in the differ- 
ent terms is largely due to the change in the Home Economics curriculum 
which required the repetition of some of the physiology previously 
dropped from that course and now restored. Probably such a congestion 
will not occur again. 

Highteen students elected Applied Science work in zoology in the fall 
term “and thirteen of these carried it through the year. 

It seems worth while to note the fact that although the department 
is now offering twice as many courses as five years ago, there has been 
little change in current expenses and no increase in the teaching force. 
Naturally “this cannot ‘continue indefinitely, especially if the Applied 
Science course developes as expected. 
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Extension work, as always, has occupied a considerable portion of de- 
partment time and thought. The demands come mainly in two ways,— 
as requests for addresses, lectures or talks, particularly illustrated talks, 
and inthe form of questions as to the names, habits and value of a great 
variety of animals, especially for such as are known to be pests or 
thought likely to become so. Requests for lectures can be complied with 
only in a few cases, partly because of the expense but more often through 
our inability to take an instructor from his regular class work in order to 
make the necessary trip. However, Professor A. C. Conger and the head 
of the department have made a number of such trips during the past year. 
besides giving short talks before local clubs and schools which could be 
reached with little loss of time. Almost every talk of this kind, however, 
results in several requests from other sources, most of which unfortu- 
nately must be refused. A constant stream of inquiries by mail is met 
by the use of circular letters so far as possible, but hundreds of questions 
need special replies and this correspondence grows more and more bur- 
densome every year. Bits of mica, pyrite, calcite, quartz and other com- 
mon minerals with shining particles are sent for “analysis” with the idea 
that they may contain gold, silver or gems, or have some high economic 

value in other ways. Many of these are referred to the State Geologist, 
Department of Conservation, Lansing, where they should have been ont 
originally, together with questions about oil, coal, gas, peat, iron ore, 
brick-clays, building stone, etc. In other cases, where there can be no ques- 
tion, a direct answer is made, with the advice to send similar requests 
in the future to the above address. 

The matter of fur-farming is a prolific source of correspondence, the 
interest in Michigan growing steadily if not always healthily. This in- 
dustry promises good returns to those only who can spend both time and 
money freely, and it is well-nigh certain that a large proportion of those 
who go into it hurriedly will get rich only in experience. Much of the 
information asked from us does not as yet exist, and many of the prob- 
lems are of such a nature that only one who has had some scientific 
training is capable of using to advantage the suggestions made. Perhaps 
the best general advice which we can offer is to make the first ventures 
on a small scale, only increasing the business later if experience warrants 
it. 

The General Museum, used constantly in connection with classwork, 
but open daily to the public, has changed little during the past season. 
Numerous gifts of single specimens have been received from students and 
alumni, and some local material has been collected and put on exhibition 
by the department members. Perhaps the most noteworthy gift is a col- 
lection of ores, principally of copper and silver, from the famous Upper 
Peninsula copper mines, presented by Charles M. Turner of Lansing. The 
needs of the College Museum have been so often mentioned in these reports 
that little more need be said now, but we cannot refrain from expressing 
once more the hope that its valuable collections may be speedily housed 
in some suitable place which is at least moderately fire-proof. 

Respectfully submitted, 
WALTER B. BARROWS 
Professor of Zoology and Physiology and Curator 
of the General Museum. 
East Lansing, Michigan, June 30, 1922. 
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REPORT OF SECRETARY AND TREASURER. 


The following show the receipts and disbursements of the Experiment 
Station for the year ending June 30, 1922. 


SCHEDULE K-1. 


Dr. Cr. 

Aye Ss SIEBOT es Was ET s Ve eat ter ae ea ae he Dn OR gil RR Ed ee ae 1 Ve Een ae eRe Toe 
Pe ODT TeCeLved from) Was. LEGASUTY. ss niece occ cs.e sles $7,500 00 
Oct. 19, 1921. TECELVEGfTODT Ue. S., DLCASULY . o.\. sch oahers.ecores belo 7,500 00 
Jan. 18, 1922. TECELVER TON UW Sy LLCASULY © . savers cree as oh dates 7,500 00 
Apr. 20, 1922. received from U.S. Treasury.................. 7,500 00 
June 30, 1922. State Treasurer, one-fifth mill fund............. 90,000 00 
license fees, commercial feeding stuffs........... 40 00 
Graham Horticulture Experiment Station....... 1,032 31 
Upper Peninsula Experiment Station........... 4,693 54 
South Haven Experiment Station.............. 727 99 

By disbursements as per vouchers filed in office 

of the State Aliditon General ccc 622 2 « oerec pee licen epceenen ice $234,458 69 
IBAlANCE OVELGLAWIl weenie eect cals ora 103 ,376 23 

plea ticalieer rss tents a hapa ey Ne NG Oe a ad ahorcado pensioners) aL EEN $234,458 69 $234,458 69 


Sixteen thousand special bulletins No. 107; five thousand special bulletins No. 108; fifty thousand 
special bulletins No. 109; twelve thousand special bulletins No. 110; five thousand special bulletins 
No. 111; five thousand special bulletins No. 112; forty-five thousand special bulletins No. 113; twenty- 
five thousand special bulletins No. 114; twenty thousand special bulletins No. 115; twenty thousand 
special bulletins No. 116; four thousand technical bulletins No. 52; four thousand technical bulletins 
No. 53; four thousand technical bulletins No. 54; four thousand technical bulletins No. 55; forty-five 
thousand quarterly bulletins, Vol. 4, No. 1; forty-five thousand quarterly bulletins, Vol. 4, No. 2; 
forty-five thousand quarterly bulletins, Vol. 4, No. 3; forty-five thousand quarterly bulletins, Vol. 4, 
No. 1, have been issued by the Experiment Station during the fiscal year. 


DISBURSEMENTS ON ACCOUNT OF U. S. APPROPRIATIONS—SCHEDULE K-2. 


Hatch Adams 
Fund. Fund. 
Salaries: , 
Director and other administrative officers...................-0+5 SUAS S OM eee ctaccesess acts 
DIGIOMELACrA Vath acl RO eA eae ORION eee eee ite pit O cleus eels 2,950 40 $824 70 
IABSISCADESSLOLSCIEH TUN OC VS bailt ces y cones crear seh ree crey oa lar Sie aka cava 8,253)'55 13,729 50 
Labor: 
Annual and monthly employees; 2 csv cee eleva cies oe ea tates 1,443 11 200 00 
IEOUTRys employees! sco isthe ores ch tect ty Ns ea RIS. SY ary ae 609 14 245 80 
AGE peep ws chara ete Ce SUE Barta estes AE RAD Clerieatene ch Fea 2) Sek Wen CAEN $15,000 00 $15,000 00 
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DISBURSEMENTS OF EXPERIMENT STATION MONEYS—OTHER THAN RECEIVED 


FROM U.S. TREASURER—SCHEDULE K-3. 


STEN Eh (ats ae eee a ne mM Aa OF hl | ped EO A We Rrra Sn adie <oNtey hs CGS the Oe Can ero ae he $110,572 57 
1 EF] 0 0) Ra pn RON ie oh SU RT ary CR Ot ee Rate EON or cc semen Chay PR Ry CERES 37139724 
IPUDICatIONS hoo .5)3 wis oi. o aR Re atthe, Shh rel Se oye IIE ees oleae GAAS Gein 13,011 45 
Postage.and stationery. s.).4 26s. Seek = als dates oe es PIO Re eh hk. gees Stee 1,602 40 
Breishtand-express >) |e Cee Reece cee Se eek eae eas ke ee RE eae ausalss Fe ge yh eae 1,172 96 
Heat; light. water and POWEL: «2.502% + crates c ca-doe nels Oro eee eeeees pene oss ohing bi oA ORS 694 84 
Chemicals\and laboratory suppiies sc... si. ack Soka se titer eee fone srs ots cua Sie 2,786 19 
Seeds, plantsiand sundry; 'silpplied Aa. 52.21. ayes reve cian ae a ee ee cies os ichisdep eae ee came 5,638 78 
THER RILIZONS Fee oo rear A TO eet Ne ae cate ree or oe a aC PRPS NSIS ih cures crn Qusrarerte 1,532 69 
MEE MINE ISH UEEST AE ak wees ae Rg ete ey ahet dye ATM AT Ins etched aoe heh encima 4,492 68 
MAOLATEY wis ccc che eae hse TPE Goce tebe tas aap Lee ee ne EE eC teh Ce CN in 671 92 
Loos machinery and applian Ges, 5 hs tite jee ake see cee are PREP EMTRRE Sehe sts oc'e eh eecl ew, wee 3,062 15 
Murni Pure and TRGUKES SAS toe ss = oar eo bp Ay et ee Rich eos cies Meek Ra Len Sie Mae 1,031 251 
Scientific apparatus ana imspecwmens; vito cn =e sete keer eee eae ee CNS © eyaa) oy apterous 1,266 52 
PVE STOCKS Me Ceres hee soe eden CR aT ee een ibe th Glee, aiid pinaster meyer oes 1,841 60 
Traveling expenses... ......7.-.: ee eR BN EER Ears cos i Cosi Shc atl RIOR ore OO Ole ote 11,983 94 
CONTE ENTE EXPCTISES sete. cere els cholic s cha a! oslo et re ee Seed oe cioee, "O'S useney i eee 81 80 
Texettouoree<onayo DEH Vol: eae eae eee eee wR ees ACC = ee Nene remtommicw ian - ick > 5,875 48 

Li 0) ro Leas cae he ena ae ana en amet IRENE PR HAR RSS ACES rock 8 ois tps aR ARR aR ROMA ICIG wi) oo OO $204,458 69 
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REPORT OF THE DIRECTOR OF EXPERIMENT STATION. 


To President David Friday : 


I am submitting herewith the individual reports of the various sec- 
. tions of the Experiment Station. As these reports are complete it is un- 
necessary for this office to enter into detail. We desire to express an 
appreciation of the entire staff for their persistent pursuance of research 
problems during the year, resulting in the accomplishment of results of 
much direct vé ilue to the farmer. The services rendered to the office of 
the director as well as to the various sections of the Station by Mr. F. B. 
Hill, Assistant to the Director, have resulted in a much greater efficiency 
than heretofore. Project forms and Reports of Progress prepared by Mr. 
Hill have placed the records of this office in a much more satisfactory 
condition. 

Marked progress was made during the year at the Upper Peninsula 
Station at Chatham now comprising 780 acres. About 150 additional 
acres.of cut over land has been cleared and is being prepared for cultiva- 
tion, crops production, live stock, soil fertility, and land clearing methods 
and costs have been given special stress. This sub-station serves a con- 
stituency comprising nearly one-third of the total land area of the State. 
During this year a bulletin entitled “The Agriculture of the Upper Penin- 
sula” was published, reviewing the experimental work of the sub-station 
and presenting much information of a general character of service to all 
interested in the agriculture of this region. 

Before the opening of the present crop year a 40 acre tract of land near 
Mancelona was deeded over to the State Board of Agriculture to be used 
for experimental purposes. The initial work of establishing tests relating 
especially to soil fertility problems and potato production was begun this 
season. This sub-station consists of soil types representing a large area 
of the State and will be useful in investigating problems pertaining 
thereto. 

Substantial support was given the Station during the year through 
supplementary state aid granted by the State Board of Agriculture from 
current funds of the College. There are now over one hundred and eighty 
investigational projects in progress. The following statement ‘includes 
the funds disbursed during the year indicating their source: 


WP ope oe a ee eco whoa 6 Seca. 6 (2 acute)» otero, ent oa ORO OU) 
; PGT IEURN oe oer ea x re ask aNes Sara laseat bch osd oh eR nabs Oe 15,000 00 
STE Pe pee arent acca tee Ga ad RRR PR ale 204,458 69 
PRA etree orapw nos vd, bac ee aera Ste Pa $234,458 69 
iipeersPeninstla Sfation 220.7 2s. see « 1 25,091 64 

atti ARS RS LAMLAIOTL. . csteca see opeeia aids 40 o, :2 8,951 20 

Sortie Ebayer on tsetse o's: Bra 7 a aed 4,867 74 


The three sub-station funds are included in the State appropriation 
given above. 
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LIST OF BULLETINS 
Regular: 
291—Fertilizer Analyses. 
292—Commercial Feeding Stuffs. 
Special: 
~ 107—Diseases of Bees in Michigan. 
108—The Robust Bean. 
109—Dependable Michigan Crop Varieties. 
110—Special Report of the Upper Peninsula Experiment Station. 
111—Studies in City Milk Distribution. 
112—An Experiment in Improving the Milk Supply of a City 
Milk Plant. 
115—Sweet Clover. 
114—Spray and Practice Outline. 
115—Dusting and Spraying Experiments of 1920 and 1921. 
116—The Agriculture of the Upper Peninsula. 
Technical: 
52—The Colorimetric Hyrdogen Ion Determination as a Means 
of Studying Biological Changes in Dairy Products. 
53—A Phoma Root Rot of Celery. 
54—Studies in the Diseases of the Productive Organs of Cattle. 
5d)—The Comparative Pathogenicity of Several Strains of Bac- 
terium Abortus (Bang). 
56—Leathopper Injury to Potatoes. 
Respectfully submitted, 
ROS, SEA, 
Director of Experiment Station. 
East Lansing, Michigan, June 30, 1922. 
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REPORT OF THE SECTION OF ANIMAL HUSBANDRY. 


Director R. 8S. Shaw, 
College. 
Dear Sir: 


I have the honor to submit the following report of the experimental 
work conducted by the Animal Husbandry Section during the year ending 
June 30, 1922. 

The work started with stover silage in 1920 is being continued. The 
steers in Lot 1 were fed normal corn silage; Lot 2, stover silage; and Lot 
3, stover silage with the corn which was removed when the stover was 
ensiloed returned to the ration. The results of the two years’ work are 
as follows: 


Daily gain. Cost per ewt. gain. Profit per lot. 
1920-21 1921-22. 1920-21. | 1921-22. 1920-21 1921-22. 
RII AMAISE Nac cae cmt sede os ee 4 1.94 lb. 2.39 Ib. | $8 81 $7 88 *—$15 02 | **+843.80 
LLG RA “ee, Eee Bee Re oreo 1.42 lb. 1.72 lb. | 10 01 8 38 —21 15 +34 96 
rates ee, tao Sree des ein g eeree 1.58 lb. 2.03 lb. 10 O1 8 23 —24 00 +42 93 
*—Loss. **+ Profit. 


This test will be repeated during the winter of 1922-23, after which a 
final report will be made. 

Five trials have been conducted with seven lots of pigs in each trial to 
determine the relative efficiency of the different grains commonly grown 
in Michigan. 

Rations used were as follows, all feeds being self-fed—free-choice 
method. 

Lot 1—Corn, Barley, Rye and Tankage. 

Lot 2—Rye and Tankage. 

Lot 3—Barley and Tankage. 

Lot 4—Corn and Tankage. 

Lot 5—Bariley, Rye and Tankage. 

Lot 6—Barley, Middlings and Tankage. 

Lot 7—Rye, Middlings and Tankage. 
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Lot 1. Lot 2. Lot 3. Lot 4. Lot 5. Lot 6. Lot 7. 


Corn, 
Rye, Rye Barley Corn Barley Barley Rye 
Barley | Tankage. | Tankage. | Tankage. Rye Midds. Midds. 
Tankage. Tankage. | Tankage. | Tankage. 
Number of pigs fed.......... Ee Nese 30 30 30 30 32 32 32 
Averazedaily caim':;).c hence aoe 1.391 a bey Er 1.301 1.472 ial 1.17 i212 
Feeds consumed per 100 pounds of gain: . 
Cor(shelled)isi..0: eee eee 239 oes ee eee eee Bt rel ire Se 
Barley, (ground) eeep seine eee aoe 580) [Acksae eee JUS ane 257 269 il Ae eee 
Rye: (ground) $a. eee ee ee ee 139 CAVA | oe SA) |e Se 178 eRe eee 195 
Middlings 35. Secs een bore remic  aN nl Spi cea ee ee ee nic's .c hesll Oe oars 157.7 226 
Manikagey cde isn fae Sekce ents 30.5 42 28 40 32 26.6 25 


MMOUA LS  « setepe stub «tae ataloaleisis hs stele 462.0 456 472 435 467 453.3 447 


The average initial weights of the pigs in the different tests varied 
from 59 Ibs. ‘to 146 pe but in each test the initial weight of the pigs in 
the different lots was approximately the same. The final weights of the 
hogs in the Fr eels tests varied from an average of 155 pounds to 261 
pounds. 

Returns received for home-grown grains fed in above trials after paying 
for tankage @ $60.00 per ton and middlings @ $30.00 per ton. Hogs 
selling at from $6.00 to $10.00 per cwt. 


$6.00 $7.00 $8 .00 $9.00 $10.00 
Lot. Feeds. Hogs. Hogs. Hogs. Hogs. Hogs. 
LeiiGorntinveibarley:per LOO bates ee eemeeeer en eos oo - $1 18 $1 41 $1 64 $1 87 $2 10 
Supplemented by tankage. 
Z| JRveipert00M bs. .cc mee see eee eet oe oleae ots 1 14 1 38 1 63 1 87 2A 
Rye peribushell ace. see ee soos ov Sets cae 64 78 91 1 05 1 18 
Supplemented by tankage. 
3) MBarley*per 1 OOS. on nee ects coc ee ate 1 16 1 39 1 61 1 84 2 06 
Barley: per! bushel, 35). sian ee eee aoc wee 56 66 77 88 99 
Supplemented by tankage. 
2 (Cominer sLOOMbR: 3. See eee teas 10 1 Die par A, 1872 1 97 2723 
Corn per: bushellns.7 =... ne eee en econ ob aras 68 82 96 1 10 1°25 
Supplemented by tankage. 
5. Ryeyibarley*per 100)|ba. 5. aa eee ne old b see 1 16 1 39 1 62 1 85 2 08 
Supplemented by tankage. 
61 *Barley{pen 100 bad: = Sea eee eee eS. ok. 1 05 1 43 1 80 2 05 2 54 
Barleyeper bushel jo. . ccc sys teehee so oes asaraieve e 51 68 86 98 1 22 
Supplemented by middlings and tankage. 
dy ReyeipervLOO bss. ct. ee oe a ee 93 1 44 1 95 2 46 2 98 
Rye peribushellee ys. ee eee oie cto 52 81 1 09 1 38 1 67 


Supplemented by middlings and tankage. 


No attempt is made to give the per bushel value of the grains con- 
sumed by Lots 1 and 5, as two or more home-grown grains were used in 
the rations fed these two Lots. 

In Lots 6 and 7, it was unprofitable to feed middlings at $30.00 per ton 
with barley and tankage or rye and tankage when hogs sold below $7.00 
per hundred pounds. 

In Lots 6 and 7 the value of rye is given very high with hogs at $9.00 
and $10.00 per hundred pounds and middlings at $30. 00 per ton owing to 
the small amount of rye consumed. 

While the free-choice method of feeding has been advocated for several 
years, the results of the above trials show that in the majority of the 
trials the pigs failed to properly balance their ration if we accept the 
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standard in general use as correct. There was also a wider variation in 
the nutritive ratio used by the pigs in different periods of the same trials 
than seems desirable. 

As a result a second series of trials with the above feeds is being 
planned with the feeds being mixed according to accepted standards and 
then placed in the self-feeder. 

Respectfully submitted, 
GEO. A. BROWN, 
Animal Husbandman. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE SECTION OF ANIMAL PATHOLOGY, 


Director R. S. Shaw, 
College. 
Dear Sir: 


I herewith submit the report of the Animal Pathologist for the year 
ending June 30th, 1922. 

Work on the diseases of the reproductive organs of cattle has been 
continued during the past year. A report of this work has been pub- 
lished as Technical Bulletin No. 54 under date of November 1921. 

In December 1921 we had the privilege of autopsying six head of cattle 
that were killed out of a herd in which abortion and sterility has been 
a serious problem for several years. These cattle were killed on account 
of having reacted to the tuberculin tests. Two were pregnant and material 
was obtained from these for work on the evolution of the uterus which 
will be referred to below. One had calved ten days preceding slaughter 
and furnished valuable material for our study on the involution of the 
uterus. Two were open (sterile) and one had a dead fetus in the uterus. 
At this point we wish to discuss the latter three cases. 

Cow No. 6308 was examined July 3, 1920 because of failure to conceive. 
She was approximately two years old at that time and had been served 
several times but failed to conceive. At the time of examination a por- 
tion of the hymen remained as a narrow band reaching from the dorsal 
to the ventral wall of the vagina. This was removed. There was a corpus 
luteum in the right ovary which could not be removed. No other altera- 
tions were observed. She was bred July 17th and 20th, 1920. November 
6th, 1920, examination was made and found not pregnant. She was bred 
several times during the following winter and ran loose in pasture with 
bull from July 19th to September 13th, 1921. On October 29th, 1921, 
examination revealed presumptive evidence of pregnancy. November 
19th, 1921, another examination for pregnancy was made. Presumptive 
evidence was obtained but enlargement of uterine horn was not as well 
marked as should be expected. The animal was slaughtered December 
13th, 1921. 

Macroscopic examination: The left uterine horn is about twice the 


size of the normal non-pregnant horn of a cow that has had one or more 
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calves. In this horn is a dead fetus about six centimeters in length. The 
fetal membranes are shrunken, appear as a fattened band about 35 centi- 
meters in length by six millimeters wide. The mucosa of left horn is 
moist and glistening, is a veal flesh color and it is not possible with the 
naked eye to distinguish the regions of the cotyledons. The right horn 
is smaller than the left and contains about ten ce. of a creamy yellow 
exudate. The mucosa shows no cotyledons and is similar in appearance 
to that of the left. 

There is no enlargement of either oviduct. The left ovary has a full 
size corpus luteum and two cysts ten and fifteen millimeters in diameter 
respectively. 

Streptococcus viridans was isolated from the uterus. 

Histological examination: In the mucosa of the left horn there is con- 
siderable edema of the stroma. The uterine glands are dilated as in 
pregnancy. Occasionally the epithelium lining the pits shows slight 
granular degeneration. In forty-seven sections studied from six different 
portions of the left horn no cotyledons are observed. At one point there 
are observed a few arterioles grouped in the sub epithelial tissue, sug- 
gesting a cotyledon but here there is an absence of the characteristic 
tissue of the cotyledon. 

Whether the apparent sterility and death of the fetus was due to the 
absence of maternal cotyledons cannot be answered at this time. The 
placental epithelium is phagocytic and it seems that attachment might 
occur at any point of the mucosa. On the other hand the gland mucosa 
does not possess the rich vascular supply near the surface that the 
cotyledon possesses and it may be that the chorionic villi do not find an 
adequate blood supply when attachment is made to the gland mucosa. 
Possibly the rich blood supply of the cotyledon accounts for the positive 
chemotaxis of the cotyledon for the chorionic villus. 

In the mucosa of the right horn there are no marked alterations. 

In a few places the nuclei of the epithelium are faintly stained and in 
a few other places slight granular degeneration of the epithelium is seen. 
The glandular epithelium of a few of the glands show slight mucoid 
changes. 

There are no alterations of the oviducts other than near the fundus it 
appears that there may be an excessive number of lymphocytes entangled 
within the cilia of the epithelium. 

Cow No. 6312—was an aged cow (exact age and past breeding record 
not definitely known). Her last calf was February 19, 1920. She had 
been persistently bred since then but failed to conceive. During the last 
half of the yéar 1921 she was bred as follows: May 27th, June 17th, 
August 9th, September 6th and October 2nd. Cow was slaughtered 
December 13th, 1921. 

Macroscopic examination: The ventral portion of the first fold of 
cervical mucosa is considerably hypertrophied and shows numerous cysts 
varying in size from one-half to three millimeters in diameter. There is 
a tenacious mucus in cervical canal. The uterine horns are not enlarged. 
The uterine mucosa is not uniform in color. The region of the cotyledon is 
a brownish red color with numerous small grayish yellow focci. The gland 
mucosa is a grayish brown color. Both oviducts are about twice their 
normal size. There are no fibrous constrictions in the oviducts. 
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The left ovary contains a cyst about ten millimeters in diameter. No 
cultures were obtained from this case. 

Histological examination: The posterior cervical mucosa shows nu- 
merous cysts varying from single cysts seventy-five microns in diameter 
to multilocular cysts two to three millimeters in diameter. The cysts 
are lined with flattened cel!s resembling endothelial cells, and contain a 

deeply stained (basic) granular material. 

In the uterine mucosa there is marked lymphocytic infiltration of the 
stroma with marked peri-glandular fibrosis. The appearance of the 
mucosa is that of a chronic hypertrophic endometritis. 

There are no marked alterations of the posterior portions of the ovi- 
ducts except a slight lymphocytic infiltration of the stroma with here 
and there a peri-vascular small round cell infiltration. In the middle 
portion of the oviducts, and to a less extent in the anterior portion there 
is well marked mucoid degeneration of the epithelium and lymphocytic 
infiltration of the stroma. There is also a marked cellular and granular 
exudate in the lumen. The appearance of the mucosa is that of an acute 
catarrhal salpingitis. 

Cow No. 6315 was a cow eight or nine years old. She had been treated 
several times during the summer by attending veterinarian for failure to 
conceive. At autopsy the only alterations apparent were hypertrophy 
of the right lateral portion of the first fold of cervical mucosa and the 
right ovary contained a cyst about the size of a hen egg. 

Histological Examination failed to demonstrate any alterations of 
the uterine mucosa or of the tubes. 

Considerable time has been devoted to a study of evolution and involu- 
tion of the cow’s uterus during and subsequent to pregnancy. As far as 
the writer knows no American investigator has devoted any time to this 
problem. A little work has been done by some of the European inves- 
tigators but their results are not generally available to the profession 
in this country. There are two principal reasons why the writer has 
devoted a part of his time to this problem. First because a knowledge 
of the physiological processes of the pregnant and involuting uterus is of 
considerable scientific interest. Second, it is the writer’s opinion that a 
knowledge of these processes will explain many of the unsolved problems 
pertaining to infections of the parturient and post parturient uterus and 
infections of the fetus. 

An abundance of material is available for the study of evolution of the 
uterus but the material for study of involution is limited. However, 
some material is available and we are recording some very interesting 
observations. We do not feel that the work on this problem is sufficiently 
advanced to warrant publication of the observations already made but it 
is hoped that the problem may be continued. 

Another problem studied during the past year is a study of the bac- 
teriology and histo-pathology of the reproductive organs of calves from 
abortion infected herds. There are a few investigators of abortion 
disease who contend that calves from infected herds frequently acquire 
abortion infection during fetal life or early post-parturient life and 
harbor this infection throughout calf-hood and abort during their first 
pregnancy as a result of such infections. A knowledge of the facts in this 
particular phase of the abortion problem is of great practical value. 
During the past year opportunity has been afforded to study the bac- 
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teriology and histo-pathology of several calves from infected herds. At 
this time we do not care to publish a detailed report of these cases but 
may say that only in one case studied have we obtained evidence of the 
presence of living micro-organisms in the reproductive organs. In no 
case have we found any evidence that an inflammatory condition of the 
reproductive organs due to bacterial infection exist. The one case ex- 
cepted above is a Holstein calf prematurely delivered July 9th, 1921, 
was due August 23, 1921. The calf was thrifty during the first six weeks 
of life and then began to dec:ine. It was killed October 12th, 1921. In 
the liver of this calf were sixteen to eighteen sharply circumscribed 
abscesses varying from ten to fifty millimeters in diameter containing a 
thick creamy pus. Bact. lipolyticus type C was isolated from these ab- 
scesses. The same organism was isolated from the uterus. There was no 
evidence of any reaction (inflammation) in the uterus resulting from 
this organism. This problem will be continued during the ensuing year 
and we hope to have sufficient material in the not distant future to war- 
rant publication of the results. 

Mr. Huddleson of the Department of Bacteriology has kindly made all 
bacteriological examinations in the cases referred to above. 

Respectfully submitted, 
i. T. HALLMAN, 
Animal Pathologist. 

East Lansing, Michigan, June 50, 1922. 


REPORT OF THE SECTION OF BACTERIOLOGY 


Director R. 8. Shaw, 
College. 


Dear Sir: The past year has seen no changes in either personnel or projects 
in this Division. For the first time since our entry into the Great War we 
are able to report uninterrupted progress in all lines with a complete staff of 
well qualified men. It is needless to say that our achievem2nts even in the 
very limited fields explored have themselves been limited, seriously and 
uneconomically so, by lack of substantial appropriations for men and mate- 
rials. We should have numerous assistants working under the direction of 
the mature well trained experts in the various fields of bacteriology. A 
plan involving the use of numerous younger men and women should be very 
helpful to us, economical to the State, and satisfactory to the aspiring young 
assistant. Of course they would come and go, but that need cause no em- 
barrassment to either party concerned. Both the human element and the 
work itself would be properly considered. 

Mr. Tweed’s time has been distributed amongst teaching, studies of various 
phases of fermentation and research on “The effect of diseases of the cow 
upon the milk.” (Adams 1a.) 
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REPORT OF RESEARCH ASSOCIATE R. L. TWEED 


Under Adams 1a I have continued the following phases of the project as 
related to infectious abortion. 

1. Studies upon the significance of high cellular count of milk from Bac- 
terium abortus infected udders as compared with that from non-infected 
udders. 

2. A study of the teats as an avenue of Bact. abortus infection of the udder. 

3. Feeding experiments with Bact. abortus infected milk. 

4. Efforts to devise better methods for studying the Bi ate of Bact. 
abortus in the udder. 

5. Bacteriological and pathological studies of Bact. abortus euischiona of the 
udder. 

Under the last phase of this project Graduate Assistant Otto H. Friede- 
mann this year submits a thesis for the master’s degree, ‘A study of the 
nature of Bact. abortus infection of the udder.”’ 

My work in relation to fermentation has been as follows: 

Vinegar: From July 1, 1921, to June 30, 1922, 130 requests for vinegar 
cultures were received, 116 yeast cultures were sent out and 90 cultures of — 
acetic bacteria not including two gallons of culture sent to a Michigan vine- 
gar company for starting generators, and 40 lots of chemicals for making 
honey vinegar. Fifty-four of the requests for vinegar cultures were from 
outside the State. 

The decrease in requests for vinegar cultures during the past year was 
probably due to the shortage of apples last fall. 

Seventy-six samples of vinegar were tested, the analysis of which are 
tabulated herewith: 
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ae % Alcohol by wt.| Sugar.| Color. Flavor. Remarks Suggestions. 
baz nya Cea ees Amber. 5 2: Goode Sars sen Clear. /.....2.| May standacdeeanaemt 
UAW eee so neeaanasoe. seco 2 ENUM wor Goodisa cece Hleanses rere May standardize to 4%. 
4.1 .381 | +— | Amber....... Clean acid...... New vinegar. “Vantilaite and een enna 
1.4 1.48 | +— | Amber....... Goodnete teen =: Glear... fe oc: “Tnoculate with Bact, aceti, 
909° Mere 1.05 Bar Light amber..| Clean.......... Clears) aoe “Ventilate and inoe. with 
Bact. aceti. 
1.0 1.43 | — | Light amber..| Clean acid......|.............. “Ventilate, keep warm, inoc- 
ulate with Bact. aceti. 
2.9 .99 | + Amber. ...... Clean acid...... Clearer: N. G. 
2.6 1.4 + Amberagcn. ee Clean acid...... Clear* se fee Poe eer 
air to circulate. 
3.3 1.0 et AMDEr: -- tee Clean oe Clear. css... Sventilate andl heen eae 
ort} 1.34 |4+— Amibers<seet Clean acid...... @lear2? 235. See Veailate and kao 
Dei. 1.48 dav Amber....... Clean acid... ... Muirbid/%2. =< Fenilate aadiceen aren 
4.4 94) | -+-—<| Amber... 2 Clean acid...... ORK Aone (Of marketistandandsaea 
318 1.4 | + Amber....... Clean acid...... Rubee! Keep in warm place. 
2.9 4.8 | +— | Amber....... Clean acid...... Little weak...| Ventilate and keep warm. 
8 2.69) | — Light amber. .| Clean.......... Low in sugar..| May add sugar or molasses 
and use for home. 
2:1 1.91} + Light amber. .| Clean weak acid.} Clear....... ; Ventilate and keep warm. 
Lease 1200 ee ae Amber. = 023!) Waterye:iidauk ol nrg ec dee eee UN Ge 
2.9 2.05 | +— | Light amber. .| Clean acid...... Clears £22, = Ventilate, keep in warm 
place, inoc. Bact. aceti. 
6 4.81 | +— | Light amber. .} Urclean........ Murbide ss :49/0: er ee ieee LS 
aerated place. 
2.6 2.13 | ++ | Cloudy....... Clezn acid...... Cloudy2e.. 2. Ventilate and keep warm. 
3.5 Deo} ++ | D.amber..... Goods, ..e:.84. Glear! S:2).3%% Keep warm. 
3.6 | Sample too small.) ++ | Amber....... Clean acid...... Clears scores Ventilate and keep warm. 
Getic li acaet. ota eee —+++| Amber....... Clean acid...... Glésr ety nce May standardize to 4%. 
3.0 | Sample too small.| +++ Witbe: ScaB aK ileus ENOG lea ees 8 Olean eisert Ventilate and keep warm. 
2.5 | Sample too small.| +--+ | Amber....... Clean a bee ac Clears een: Ventilate and keep warm. 
4.1 | Sample too small.| + INS itl t es Clean acid...... Clear 2Ge)s So Market standard. 
1.2 | Sample too small.|...... Paghtamber. | Plat)... asec Clears serene N.G. 
3:6 3.34 | +— | Light amber..| Clean.......... Clears cj-+)-1- Inoc. Bact. aceti. and keep 
warm. 
2.4 44 )+ Dark amber...| Clean.......... Cleatritec ee Inoe. Bact. aceti. and keep 
warm. 
0 8.97 crepe Dark amber...| Alcoholic....... Clear iy. 226 Inoc. Bact. aceti. aerate and 
keep in warm place. 
0 8.97 tan Dark amber...| Aleoholic....... Cloudy... jasc. Inoc. Bact. aceti., keep 
warm and aerate. 
1) 4.9 Fine ts Ambern oacccec Alcoholic. ...... Gloady=3eerre Tnoc. Bact. aceti, keep warm 
Ory Sa keene bones lo Light amber..| Clean acid...... OSBG eens May standardize to 4%. 
BEM ono ceecoueecaon| teeta Amber. 5.7.4... JAG G eles) Sa eters Clear. sae Ventilate and keep warm. 
Peli Raen to cae Re, Amber....... IN CIO ees chess ote rc CleanSaercsci: May standardize to 4%. 
Biaib lax okas as ecopens eae Amber....... Acid Sane te eae Cloudy....... Ventilate and keep warm. 
Doe Nome ek career ialen esis Light amber..| Clean acid...... OnKerasaence May standardize to 4%. 
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Color. Flavor Remarks. Suggestions. 
Rea : Gis TOC i 0. KA: ee May standardize to 4%. 
inier: Bee “SI. bitter. BARS Cleary sen. A Veatilate and keep warm. 
Te Aidt Stes. 3: OE en te raat standard. 
Cpa arias © Acide scakiccyss Pei tase le ee standardize to 4%. 
Lon ainber “Acid: iK REET OUR se May standardize to 4%. 
“Light amber..| Acid........... ee “May standardize to 4%. 
gph amber. a tces y taemhee OR acre sc May standardize to 4%. 
Biseht ee Cian ante @Glear 22 ct. sa Ventilate on keep warm. 
aiaene amber. .| Clean acid... KG iClear. rAd Ai ies May standardize to 4%. et 
~ rel iat oh ee ‘eater: AER ORP AC eens: - (tO IRIE a Wiyanetangenies to 4%. 
ithe eae. Wt oes seers Ol ee Petawaiaiaeliae to 4%. 
Light amber. . aieeneat x mn Oe we ee) ne standardize to 4%. 
Light ee pGleanaades. 0.K te aes, sete May standardize to 4%. 7 
Light amber. .} Clean acid... oy 0. Teer te ha ira eer chaste to 4%. 
Saaput anther .| Clean acid...... OcKE yes. a; May standardize to 4%. a 
oe Saleen eae ais ‘Gm a ae. a May Reatard to 4%. 
Tisht amber. Tehec “File e DIN Oep caret ress May standardize to 4%. 
Light amber. . Giesaacia BA Sas Op Ke Seer Visa standardize to 4%. 
Wien ee eid Lee eae Cleat o Soac Ventilate and keep saa 
ier perce! : Rina or See eh Sent in medi- een warm, allow air to 
cine bottle. circulate. 
ions pire bee ‘Bitter i Ae Fes i .| Sent ened Keep warm, allow air to 
cine bottle. circulate. 
ater ais Bins Ae Sent in medi- Maeeeeniion air to 
cine bottle. circulate. 
“Amber... -:.+ ‘Bitter Sr eee Vinegar eels. . hae G. ar Lee 
aces are caead MeL ese ae as « Clear. . chs: : ireaiaiaie andl keep ae 
Tee Nantes a. 3 Giese mee i .| Send larger ne eR 
iia a ae Pee ic SGicain ; ae Wendie aud keep rT 
“Amber.......| Acid...........| 0.K.........| Market standard. 
Amber.......| Acid...........| 0. K.........| May standardize to 4%. 
Anaber pecte Fl TE aeih i cs 0. K. Send incertae. 
Risa) ae (eo ae ee hmiber Goad so. | Clear. coe Ventilite and inoculate. 
pis anery : Good. Pes erc oh Clear. eS pe NYentilateand tioculates| 
henge ee oh, Cle Ane ae 2 “Clear dante Carnet epideiaeeer Sone 
Arabes aN: i (Bitter! eee Sent in medi- 0. K. ry 7 
ciae bottle. 
Pree ay aay. Cane ae Reqs ate s Keep DS GR are 
Sinha ooo ; Bisteces, oe : Scihniee : ae Filte-, eeciecoine ents 
inoculate. 
(aoe 2 : Srinnene Ws a ‘lean: ‘ a es ese on oa ventilate 
“Amber.......| Flat...........| Clear........| Tnoculate with Bact. aceti. 
and ventilate. 
“Dark amber..| Biiter..........|,Cloudy.......| Ventilate and keep warm. 
Pen ae eae a biteet cai ee . ives “aa warm. 
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Twenty-six out of the 76 samples analyzed were found to be of market 
standard (4 per cent) or above, while only three were found to be worthless. 
The remaining 47 samples theoretically would make good vinegar if optimum 
conditions were provided for the vinegar orginisms. 

Several inquiries have been received regarding the preserving of sweet cider. 
An article, “On Home Preservation of Fruit Juices,’ was written and pub- 
lished in the May number of the Michigan Quarterly Bulletin, 1922, in which 
pasteurization was recommended. 

Silage Poisoning: Nine samples of silage, five samples of ground feed, and 
one each of beet pulp and tankage were received for analysis. These were 
either suspected of poisoning stock or merely sent in to determine their 
suitability for stock food. B. botulinus was not found in any of the samples. 
Five samples of silage were extremely mouldy and were recommended as 
undesirable for stock food. 

Flax Retting: Miss A. Trevithick, working under the combined direction of 
Mr. R. L. Davis, of the United States Department of Agriculture, and myself 
has made marked progress in developing pure cultures of organisms, capable 
of retting flax of good quality. Miss Trevithick has accepted a position with 
the United States Department of Agriculture and will continue her research 
on the pure culture control of flax retting at this Station during the coming 
year. 

The accompanying table gives data on food samples analyzed during the 
past year: 
. FOOD SAMPLES 


Recommendations. 


Fo . Method of . ; 
Food. Condition on receipt. oO. Seen Organisms present. 
Canned cider. ..... Sppringers os eee Cold-pack....| Spore-forming rod, growing 


best at 55°C. 


Use of higher temperature in 
processing and more rapid 
cooling following processing. 


Soft, putrid odor... .}| Water - bath 


Many gram ++ and spore-form- 


Use of steam pressure cooker. 


Discard milk from affected 


quarters. 


cold-pack ing organisms. 
Pieklesstysycyay.teveti-ts HOLpand cloudyermee| pen ae so. s. =. 5 No organism found capable of 
producing softness. Acidity 
high. 
Milka aaa ennee gt ee Aig Grenier Ro eae Color not due to microbial 
growth but to blood. . 
Canned asparagus. .| Liquid cloudy,.....| Unknown..... Gram + and rods animal inoc- 
ulation negative. 
Canned tomatoes...| Leaky, gas present...} Open kettle Slender rod with terminal 


spores. 


Use better rubbers and covers 


to seal jars. 


Ropy and sour is%.nyleee eset one 


Isolated organisms of B. mes- 
entericus group and traced 
to potatoes used in sponge. 


Sterilize baking utensils and use 
better potatoes. 


I have also during the past year made 23 autogenous bacterins for the 


treatment of boils and chronic infections. 


Kighty quarts of milk inoculated 


with Bacillus acidophilus for the treatment of intestinal disorders have been 
prepared. Very favorable results have been reported from both the bacterins 
and the milk. [Robert L. Tweed. | 


Mr. G. L. A. Ruehle has devoted two-thirds of his time to research and 
one-third to teaching along lines related to his investigations. His major 
project is one of fundamental importance ‘to the industry of manufacturing 


edible fats. 
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REPORT OF RESEARCH ASSOCIATE G. L. A. RUEHLE 


The work of a popular nature consisted in answering letters of inquiry 
relative to dairy and creamery hygiene and inspection and analysis of the 
milk supply of East Lansing. Several minor problems have been studied 
during the past year as follows: 

I. Examination of a commercial brand of pepsin for the cause of a bad odor 
and flavor. . 

On June 15, 1921, we received an inquiry from a commercial house in 
Detroit asking if we could help them to determine the cause of a musty odor 
in their pepsin. On June 20 we received the sample, a pepsin powder of 1 
to 10,000 strength. This had an odor which resembled decomposing animal 
matter, suggestive of the odor of a packing house. The taste also suggested 
decomposing animal matter as well as being slightly acid and salty. A 
microscopical examination revealed bacteria in large numbers, including 
both long and short rods and diplococci. Starting with a 10 gram sample the 
material was plated out on lactose agar in dilutions from 1 to 10 to 1 to 1,000. 
The count four days later was 398,000,000 bacterial colonies per gram. _ 
The plate cultures had a sharp ammoniacal odor, pervaded by a putrefying 
odor similar to if not identical with that of the original pepsin. (A sample of 
Merck’s pepsin of unknown age was also examined for comparison. This 
contained 100 bacterial colonies per gram although a microscopical examina- 
tion revealed many rod-shaped bacteria.) 

The plates were overgrown to such an extent that pure cultures could not 
be fished satisfactorily, so that loop dilution plates were made of both sam- 
ples of pepsin and cultures fished from these, as follows: 

Merck A—A large, white, irregular surface colony, consisting of large Gram 
positive rods, with cylindrical spores, many of which were free. 

Merck B-—A small, nearly round, light greenish-yellow surface colony, con- 
sisting of small Gram negative rods. No spores observed. 

Merck C—A large, nearly white, irregular, sub-surface colony, consisting 


. of large Gram positive rods with cylindrical spores, some of which were free. 


Probably the same as Merck A. 

B. A.—A large white, nearly round, raised, pultaceous surface colony, con- 
sisting of slender Gram positive rods with oval central spores in clostridial 
sporangia. 

B. B.—A large, round, light greenish-yellow surface colony, consisting of 
short reds, some Gram negative and some Gram positive; no spores seen. 

B. C.—A small, yellow, lens-shaped, sub-surface colony, consisting of short 
rods, some Gram positive and some Gram negative. No spores seen. 

B. D.—A large, irregular, nearly white, surface colony. Veil-like with 
lacy edge, consisting of long, slender rods and filaments, which stained faintly 
Gram positive. Round terminal or sub-terminal spores, with tags of pro- 
toplasm on the end of the sporanginum containing the spore. 

These various cultures were inoculated singly and in combinations with 
each other into sterile beef infusion and allowed to incubate. Only those 
cultures containing “B. B.” had the putrefying odor of the original pepsin 
80 it was concluded that “B. B.” was the responsible organism, 
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Some months later a second sample of pepsin from the same company was 
examined. The company stated that they had been trying out new methods 
of manufacture. This sample was a spongy scale pepsin of 1-10,000 strength. 
It had a salty, not unpleasant taste and lacked the decomposing animal 
odor of the previous sample. This sample when plated gave a count of 
1,830,000 bacterial colonies per gram and the culture plates smelled strongly 
of ammonia and putrid animal matter. The following cultures were isolated 
from these plates: 

D. A.—A soft, round, large, nearly white glistening, surface colony many 
colonies on plate consisting of large rods in chains with square ends. Spores 
not observed. 

D. B.—A small, opaque, irregular, sub-surface colony, many on plates. 
Smaller, more slender rod than D. A. No spores seen. 

D. C.—A small, yellow, lens-shaped, sub-surface colony numerous on 
plates. A mixture of short and longrods. Nearly round free spores observed. 

When these cultures were inoculated into sterile beef infusion alone and 
in combinations all flasks had the putrefying odor except the one with D. C. 
alone. 

Later two other samples of pepsin were received from the company and 
examined for their bacterial counts. Spongy Granular Pepsin No. 123 con- 
tained 1,300 bacterial colonies per gram and Rx 10,364 contained 2,800 
bacterial colonies per gram. No bacteria were seen in smears made from 
either of these pepsins. Both had a salty, slightly acidulous taste but no 
bad odor or taste. The following cultures were isolated: 

Sp. A.—(From Spongy Granular Pepsin No. 123.) A large, irregular, 
wrinkled, white, surface colony. Predominant flora. <A large spore-bearing 
rod. The plates seemed to be seeded with practically pure cultures of this 
organism. 

Pv. A.—A small lens- shaped sub-surface nearly white colony. Numerous 
on plates. Consisted of very small rods—no spores observed. 

Pv. B.—A large, nearly round, white, soft colony. Not numerous. A 
large rod with cylindrical spores which were shorter but thicker than sporangia. 

Pv. C.—A large, irregular, white, wrinkled, tough surface colony. Not 
numerous on plates. Shorter, fatter rods than Pv. B., but with spores of 
same shape and size. Sporangia club shaped with spores deeply imbedded. 
Sporangia larger than rods in some cases. 

Pv. D—Small, round, white surface colony. Numerous on plates. A 
large rod—no spores observed. 

In the letter accompanying these two samples there was a request that we 
state whether the organisms contained in the pepsin were capable of pro- 
ducing tyrosin from proteid material. They had had considerable tyrosin 
formed in the process of manufacture and wished to find the cause of its 
formation. 

In order to test this point, the organisms previously fished were inoculated 
into sterile skim milk and incubated for 14 days at room temperature. Pep- 
tonization was noted and is recorded below by plus and minus signs, four plus 
being practically complete peptonization, three plus, two plus and one plus 
being various degrees of peptonization, while minus means that no pepto- 
nization was observed, 
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Merck A. + + + + D.A. +++ Py Aes Po 
Merck B. — eB: * a Pv. B.n —+—+— + + 
Merck C. + + + + Dac. Pv.Cc. ++++ 
BA. 55 Sp. A. See Py. D. —- 

Be.B. — 

BQ. i 

BD 


The samples were then shaken and tested qualitatively for tyrosin by 
Folin and Denis’ Reagent. In recording the results I have used one plus 
sign to indicate the weakest shade of blue, which corresponds to a negative 
test, as is shown by the fact that uninoculated milk gave a light shade of blue’ 
with the reagent. The following are the results of this test: 


Uninoculated milk + (negative) D.A. + + 
Tyrosin in water ++ + + + D.B. + + 
Tyrosin in milk +++ D. C. + (negative) 
Typtophane in water ++ +4 Sp. A. ++ + 
Typtophane in milk + + Py. A. +++ 
Merck A. + + + Pv.B. ++-++ 
Merck B. + (negative) Pv.Cc. +++4+4+ 
Merck C. + + Py. D. + (negative) 
B. A. + (negative) 

B. B. + + 

BeG. ee 


B.D. + (negative) 


It will be observed that typtophane gives the reaction as well as tyrosin. 
According to Abderhalden oxy-typtophane and |-oxyprolin also give a blue 
color with this reagent. I know of no test for the two latter substances but 
I performed a test for typtophane with bromine water. The following 
results were secured: 


Merck A. + Sp. A. + + 

Merck B. — Pv. A. + 

Merck C. + + Py. B. + 

B. A. — Pyv.C. + + 

B. B. — Py. D. — 

15 #4 Seen oe Negative control — 

B. D. — Positive control with milk + + + + 
D. A. + Positive control with water+ + + + 
D. B. + 


From the foregoing it will be seen that a more specific reagent was neces- 
sary to determine whether the substance giving a blue color with Folin and 
Denis’ Reagent was in reality tyrosin or something else. In some of 
' the cases it is clearly due to typtophane, so a glycerin extract of tyro- 
sinase from wheat bran was prepared. This, along with some of the bran 
itself, was added to a portion of each sample and to suitable positive and 
negative controls. The following are the results: 


Weak solution of tyrosin (positive control) + 
Weak solution of-tyrosin in milk (positive control) its 
Milk alone (negative control) — . 

Milk cultures, all ~ 
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The above extract of tyrosinase was so weak, however, that little reliance 
was placed on the results. Accordingly the cultures were held for a few weeks 
longer while an attempt was made to obtain some mushrooms from which a 
more active extract of tyrosinase could be prepared. This was difficult to 
do in mid-winter since only dried specimens of the mushrooms could be ob- 
tained. Finally a glycerine extract of Russula densifolia was prepared which 
was fairly active but which also blackened slightly without the addition of 
tyrosin, indicating there was a trace of tyrosin present in the mushroom. 
The following results were obtained: (a indicating that the color was no 
darker than the negative controls while the + signs indicate the degrees of 
color obtained.) 


Negative control (water) + 
Negative control (milk) + 


Positive control (tyrosin dissolved in water) + + + + 
Positive control (tyrosin dissolved in milk) + + + + 
Cult. B. A. + + + + Cult Pv A. +++4+4 
Cult. B. B. + (negative). Cult. Pv.B. ++ + 
Cult. B.C. + + + 4+ CuHlteey.C. ++ + 
Cult. B. D. + + Calg: -Pv. D. ++4 4+ 
Cult Wo. Ae ee aor Cipep Al ace 
Cult. D. B. + + + Cult. Merck. A. + + + + 
Cult. D. C. + Cult. Merck. B. + + + + 
Cult. Merck. C. + 


In four of the cultures—‘‘Sp. A.,” “Pv. A.,” “Pv. B.,” and ‘Pv. C.”— 
the production of tyrosin was great enough to be observed by the naked 
eye as fine white tufts of silky crystals in the bottom of the flasks. Some of 
these were separated out mechanically and were proved to be tyrosin by 
microscopic and chemical tests (Moerner’ s Reagent, Folin and Denis’ Re- 
agent and Piria’s sulphuric acid test). 

There is no doubt that al) of these organisms, except ‘“B. B.,”’ “D. C.” 
and ‘Merck C.” are capable of producing tyrosin from casein. Some of 
them also produce tyy tophane. The few discrepancies in the results obtained 
by the biochemical test should be disregarded because of the fact that, as 
tyrosin is nearly insoluble, it is very easy to obtain a negative result even 
when there is enough tyrosin present to see it with the naked eye. 

While these experiments were in progress two further samples of pepsin 
were received from the same company with a request for a bacteriological 
analysis. Mr. Keyt, a student assistant, plated out the samples and ob- 
tained counts of 620 per gram from one of the pepsins and 160 per gram from 
the other. 

It is interesting to note from the above that commercial pepsins may be 
heavily contaminated with organisms which can decompose protein, splitting 
them to amino acids. Even when special attempts were presumably being 
made to produce a sterile product, there were still undesirable organisms . 
present though in small numbers. 6 

II. Hxamination of a brand of filled evaporated milk for the cause of a bitter 
flavor.—A firm manufacturing filled evaporated milk requested us to ascer-— 
tain the cause of a bitter flavor in the product, which was put up in cans and 
was supposed to be sterile. They stated that their own bacteriologists had 
pronounced the product contaminated with heat resistant organisms. They 
also stated that the trouble appeared rarely and then only in the baby size. 
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The product consisted of evaporated skim milk to which cocoanut oil had been 
added and the whole heated in the cans for the purpose of sterilizing. 

When the samples arrived one can was plated out on lactose agar both 
aerobically and anaerobically, using the pyrogallic method for the latter. 
After 10 days’ incubation at room temperature, the aerobic plates gave a 
count of 240 per ce. and the anaerobic plates a count of 35 per ce. Strict 
anaerobes were not found as the cultures fished from the anaerobic plates 
grew well on agar slants. The following cultures constituted the predomi- 
nant flora on the aerobic plates: 

A. I.—A large, white, wrinkled, raised, dull, sticky surface colony. A 
large rod with oval spores, many of which were free. Spores larger in diam- 
eter than the vegetative rods. Spores eccentric. 

A. II.—A yellowish-white, large, round, wrinkled glistening colony of 
cheesy consistency. Same microscopic appearance as A. I. 

A. ITI.—Small, oval, brownish sub-surface colony. Predominant form on 
plates. Large rod, free spores which were short and cylindrical. 

A. IV.—Small brownish, irregular, dull, surface and slightly sub-surface 
colonies. Large rods, with spores of same appearance as A. III. 

The above organisms were inoculated in duplicate into some sterilized, 
filled evaporated milk which had not turned bitter. After 5 days one set of 
the duplicate cultures was tasted but no change in taste was noted. After 27 
days the duplicate set was tasted and all the inoculated samples were in- 
tensely bitter while the control tube was not bitter. 

In the meantine, I had Mr. Segelin plate out another can on milk powder 
agar, the plates being held under aerobic conditions. He obtained a count of 
2,000 colonies per ce. and he isolated six organisms: 

C’. 1.—A pear shaped colony 2 mm. in diameter, white to gray, with clearing 
around the colony. Large rod-spindle-shaped sporangia, with spores placed 
eccentrically. 

C. 2.—Radiating colony—2 mm. in diameter. Straight rod with rounded 
ends, 2-4 cc. long. Spore former. 

C. 3.—Round, white colony, smooth, rained. Large micrococci, occurring 
in irregular groups, as diplococci and as tetrads. 

C. 4.—Nearly round, white colony with wavy edge similar to C. 1. 

C. 5.—Round, white colony. Similar to C. 1. 

C. 6.—Small, lens-shaped-yellowish colony. Resembles C. 2 in micro- 
scopic appearance. 

These were inoculated into sterile filled evaporated milk and the cultures 
were tasted at the end of 17 days. All produced a bitter, flavor in the milk 
while the uninoculated control tubes did not taste bitter. 

Ill. Examinations of “ Ever Fresh’? milk. 

A number of bottles of this product were submitted to me for examination 
as to sterility. The milk was put up in 14 oz. dark brown bottles, sealed 
with a crimp cap. On the label is the picture of a cow-head anda bottle of 
Ever Fresh Milk with the legend ‘‘Her ideal realized.’’? Below is the fol- 
lowing statement: ‘‘Milk that keeps. Ever Fresh Milk. Pasteurized in 
the bottle. Pure cows’ milk. Germless; unadulterated; keeps fresher and 
longer when opened than ordinary milk; being easily digested and standard- 
ized, it is a perfect and balanced food for infants, especially valuable for 
invalids and ideal for children and adults; contains all essentials of a perfect 
diet. Chevalley Ever Fresh Milk Products Co., Portland, Oregon.’ 

The bottle was opened after flaming the crimped cap and neck of the 
bottle. It was plated at once on lactose agar in a series of dilutions in trip- 
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licate. The plates after 7 days’ incubation showed from 1 to 5 colonies per 
plate. These were regarded as probably the result of contamination in 
plating. Direct microscopic examination of the milk by Breed’s technique 
revealed no bacteria. Considerable cellular debris—nuclei and pieces of 
nuclei of body cells—were found. 

Unstained milk placed under coverslips and examined under the micro- 
scope showed very tiny fat globules not clumped as in ordinary milk. This, 
together with the fact that it was extremely easy to restore a perfect emul- 
sion upon shaking, led to the conclusion that this was homogenized milk. 
On tasting the milk, the custard-like taste of repeatedly pasteurized milk was 
noticeable. Like all overheated milk, this product tasted slightly, though 
not unpleasantly, astringent. The remainder of this bottle of milk was 
transferred aseptically to a series of sterile test tubes and held at room tem- 
perature to see if it would sour. After 4 days it was still sweet. ° 

Another bottle was opened and tested for acidity. Five ec. required 2 ce. 
x NaOH. This is equivalent to 0.18% acid calculated as lactic acid. This 
milk was tested by the Dairy Department for butterfat by the Babcock 
method and found to contain 3.2% fat. 

Two other bottles were held for 3 months, one in the ice box and the other 
in the 27°C. incubator. At the end of this period, the milk held in the ice 
box was still fluid and sweet while the milk held in the incubator was curdled 
and had wheyed off. This tasted only slightly sour and unpleasant. Acidity 
tests made on both milks give the following results: 


37° C milk, 5 cc. = 6.68 ec. 54 Na OH. 
Ice Box milk; 5 ce: =225 ee: a Na OH. 


When plated in triplicate on lactose agar, the bacterial counts after six 
days incubation at room temperature were as follows: 


37° C milk gave 52,000 colonies per cc. 
Ice box milk gave 40 colonies per ce. 


A number of spore bearing rods were isolated from each milk but as it 
was impossible to reproduce the type of curd in the original, by ordinary cul- 
tures, anaerobes were suspected. Accordingly, several tubes of sterile litmus 
milk were inoculated with loopfuls of ice box Ever Fresh Milk and covered 
with an 18 mm layer of sterile paraffin. After incubation at room temper- 
ature for a week, the paraffin plug in one of the tubes was raised about 12 
mm. and some of the milk was above the plug. That above the plug was 
acid in reaction, while that below showed the litmus reduced to the leuco 
compound. On plating,and fishing the colonies which had grown anaerobically , 
four cultures were obtained and grown by anaerobic methods on lactose agar. 
These produced gas from the lactose in the agar so that it was blown full of 
holes and separated into sections. The colonies on the plates were small, the 
surface colonies being round and the sub-surface being lens-shaped. All were 
sporebearers with large round spores terminally placed in a slender rod. The 
spores were larger in diameter than the rods giving the appearance of a nail 
with a round head. ‘These grew well on agar slants in Giltner H-tubes con- 
taining NaOH and pyrogallic acid in the second tube of the H. Two of them 
failed to grow when transferred to an ordinary aerobic slant while two grew 
well on the slant. 


ia FS 


OO —————————— 
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From the foregoing tests it is reasonable to conclude that Ever Fresh Milk’ 
while very low in germ content cannot be said to be sterile. 

IV. Examination of Spoiled Beet Sugar for Microorganisms. 

Just before going on my vacation last summer a sample of beet sugar was 
submitted to me for analysis for microorganisms by a sugar company. The 
sugar was sticky or waxy in appearance. It was stated by the company’s 
chemist that the sugar contained invert sugar and the question was 
whether there were organisms present which could invert sucrose. 

Some of the sugar was dissolved in sterile water and then centrifuged. 
After centrifuging, the sediment was examined microscopically. This ex- 
amination revealed some bacteria and much debris of a mold-like character, 
i. e., mold spores and fragments of mold hyphae. The sugar was then plated 
out by the loop dilution method and the plates turned over to Dr. Snyder, 
who also made some further cultural examinations of the sugar. He isolated 
four species of molds and three species of bacteria from the sugar, the most 
predominant species found being a Penicillium species capable of producing 
acid from sucrose. He was of the opinion that the acid caused the inversion 
of the sugar. Of course, the presence of molds, in itself, could account for 
the inversion since many species of molds contain invertase. Kopeloff has 
shown that even mold spores, without the presence of hyphae, are capable of 
inverting sucrose. 

It developed later that this sugar was from a shipment which was con- 
signed to a warehouse for storage and which became sticky and then caked. 
The warehouse people submitted a sample of the sugar in a sugar sack. This 
contained some hard lumps and some apparently unchanged sugar. Starting 
with a 10 gram sample of the caked sugar, it was plated out in dilutions of 
1/10 to 1/10,000. A count of 60 bacterial colonies per gram was obtained. Only 
one Penicillium colony and one Aspergillus colony developed on the 1/10 dil. 
plates, the plates of the other dilutions being free of mold growths and 
practically free of bacterial colonies. 

Some of the sticky sugar, which had been held over from last summer in 
a sterile petri plate was also plated at the same time. A count of 2,000 
molds per gram and 77,000,000 bacterial colonies per gram was obtained. 
The molds were identified as Penicillium species and Aspergillus species. 
The bacterial colonies consisted of apparently only one species. This formed 
a small round, white, glistening surface colony and a small, yellowish, lens- 
shaped, sub-surface colony. The colonies consisted of small rods, many of 
which contained oval spores placed near one end of the sporangia, the spores 
being about twice the width and taking up most of the length of the sporangia. 

Experiments were also conducted with some of the sugar which had not 
caked to determine how soon caking would take place after wetting and also 
if heavily inoculating with the microorganisms isolated above affected the 
results appreciably. For this purpose some of the uncaked sugar was placed 
in small sacks made of cheese cloth, and the sugar dipped into distilled water 
until thoroughly wet when they were hung up to dry, some at room tem- 
perature and some at 37°C. Another set was also prepared in the same way, 
but mstead of being dipped in distilled water, they were dipped in distilled 
water containing the growths—mold and bacterial—from the plates from 
which the Aspergillus, Penicillium and the peculiar spore forming bacillus 
were isolated. .The following scheme will illustrate the test: 
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1. Uninoculated sugar—dry......... Room temperature. 
2. Uninoculated sugar—dry......... i OF 
3. Uninoculated sugar—wet......... Room temperature. 
4. Uninoculated sugar—wet......... Bea Gy 
5. Inoculated sugar.................Room temperature. 
6, noculated sugar. 72 A ee Room temperature. 
7 “Inocilated sumar/ ees 29: eee 
8. Inoculatedsugar’. 22> 2 Pore eee 


In 24 hours the bags were examined. All of those sugars which were wet 
either with distilled water or with culture were hardened on the outside of 
the bags, although still soft on the inside. Those stored at 37°C were harder 
than those at room temperature. This seems to indicate that the hardening 
was due to the effect of drying of the wet sugar. This conclusion is further 
strengthened by the fact that the sugar in all of the wet bags became pro- 
gressively harder as time went on. Drippings from the bags were submitted 
to the Chemistry Department of the College for chemical tests for invert 
sugar. Both the methyl blue test and Fehling’s test for monosaccharides 
indicated that invert sugar was present in all of the samples. 

An attempt was made to determine whether the microorganisms isolated 
as described above could grow and cause an inversion of the sucrose in a 
sterile sugar solution. It was found that both molds made some growth, 
visible to the naked eye in three weeks and caused a partial inversion of the 
sucrose, since a test for monosaccharides was obtained with Fehlings’ solu- 
tion. In connection with the sterilization of the sucrose solution some in- 
teresting and suggestive data were secured. It was found to be practically 
impossible to sterilize sucrose either as a solution in the autoclave or as a dry 
sugar in the hot air sterilizer without inverting it. In the latter case, sterili- 
zation at 125°C to 130°C for a long period was attempted, but a test for 
monosaccharides was obtained, nevertheless. This suggests the futility of 
making sucrose broth and sterilizing in the ordinary manner. In our experi- 
ments above a sterile sugar solution was made by filtering the syrup through 
a Berkfeld filter. 

V. Examination of cheese to determine if it had poisonous properties. 

Some cheddar cheese was brought in by a physician, who stated that per- 
sons eating the cheese had become ill with severe watery diarrhea, vomiting 
and cramps. Persons in the same family who had not eaten of the cheese 
had remained well. This piece of cheese which was as large as a hen’s egg was 
ground and mixed with bran and fed to a hen, who ate it all at one time. The 
hen was kept under observation for 3 days but no signs of poisoning were 
evident. Further investigation showed that the manufacturer had sold all 
of the cheese locally, but had not received any other complaints. 

VI. Examination of two samples of cream for undescribable flavors. 

The first was a sample of cream with a putrid flavor. This was plated 
out and a number of bacteria and molds were isolated, among them being a 
spore forming rod, an Actinomycete and an Odspora. Inoculation of these 
into sterile milk showed that the putrid favor was due to the spore-bearing 
bacillus. 

The second was a sample of cream with a peculiar off-flavor, which I can 
only describe as “‘sickish’’, although I realize that this is not descriptive. 
When it first arrived it was sour and no off-flavor could be detected, I 
inoculated some sterile milk with lec. of the cream and placed the inoculated 
milk in the ice box for 3 days. At the end of this time the peculiar flavor 


EE 


EXPERIMENT STATION REPORTS. 183 


described above had developed. I had Mr. Small plate out this material 
by the loop dilution method. He isolated six cultures, which were inoculated 
alone and with Bact. lactis acidi into sterile milk, the Bact. lactis acidi being 
inoculated 24 hours after the other organisms had been inoculated. All of 
these organisms produced off-flavors either alone or in conjunction with Bact. 
lactis acidi, but two of them, which are undoubtedly identical, reproduced the 
peculiar flavor mentioned above. This organism is a very short oval rod, 
in fact it is almost a coccus. It produces a small, round, white, elevated, 
glistening, surface colony and a small, round, grey, dull, sub-surface colony. 

VU. Examination of Pink Buttermilk. 

Some pink buttermilk was sent in for a bacteriological examination. A 
chemical examination had failed to show any cause for the red color, which 
appeared sporadically. Upon culturing, a yeast and Bact. lactis acidi were 
found, although a microscopic examination of the buttermilk itself showed 
the presence of rod shaped bacteria and the usual Bact. lactis acidi, In- 
oculation of the yeast alone and in combination with Bact. lactis acidi failed 
to reproduce the color. 

VIII. Off-flavor in a sample of milk. 

A sample of milk was brought to the laboratory by a consumer, who stated 
that the milk frequently had a disagreeable flavor and odor. Probably the 
term ‘‘sickish’”’? would apply as well to this as to the cream described above 
under VI. The odor was similar to that of a cow’s breath. Among other 
organisms isolated from this milk was a very small organism. It was a short 
rod, almost short enough to be called a micrococcus. It produced a light 
yellow, soft surface colony. This, when inoculated into sterile milk, pro- 
duced a putrid, sickish flavor and odor. 

IX. Milk suspected of making school children sick. 

Two samples were brought to the laboratory, one being milk of that day 
and one the milk of the previous day. Both milks were plated and the plates 
counted. The fresher milk had a bacterial count of 690,000 colonies per cc. 
and the older milk a count of 5,600,000 colonies per cc. A study of the flora 
revealed the fact that it was not that of normal milk. The plates on 
which the counts had been made had a very putrid odor. No further work 
was done with these samples. 

X. Yeasty Cream in a Creamery. 

A sample of cream was sent to the laboratory by a farmer’s co-operative 
creamery association to determine the cause of a yeasty flavor and a foamy 
condition of the cream. Microscopic examination revealed the presence of 
enormous numbers of yeast cells and organisms resembling Bact. lactis acidi in 
microscopic appearance. The company requested me to visit their plant. 
I found everything apparently in a sanitary condition at the plant so a visit 
was made to the patron bringing the yeasty cream. It was found that he 
was not making any attempt to sterilize his utensils or to cool his cream. 
The cream was pooled from day to day and delivered twice a week. The 
farmer was told how to sterilize his utensils and cool his cream. Favorable 


- results were reported. 


In connection with the research work on the Adams Fund Project 1b, I 
have been studying, as I proposed to do last year, the microflora of off- 
flavored butters, some of which were obtained from the United States De- 
partment of Agriculture Inspector in Chicago and some were butters from 
various sources including some experimental butters. About 200 such cul- 
tures have been isolated and are being studied as to their ability to produce 
off-flavors in sterile whole milk, It is planned to study these organisms and 
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identify or describe them and to make experimental butters inoculated with 
those capable of producing off-flavors in milk. 

Besides the work mentioned above some studies are being made upon the 
ability of spores and dead bacterial cells to release enzymes significant for 
the spoilage of butter. This work has not progressed to the stage where 
definite statements can be made. ; 

In conclusion I should like to quote the last two paragraphs of my report 
last year. I feel more strongly on this matter now than I did then. The 
work on enzymes has called for a considerable number of chemical! analyses 
which could have been done much better by a chemist than by a bacteriolo- 
gist. The work on metallic salts in butter has been delayed while waiting 
for favorable action on my recommendation of last year, which follows: 

“T suggest that it would be well to ask the Chemistry Section to co-operate 
with us on this problem, even to the extent of becoming jointly responsible 
for the project (Adams 1b). I find it impracticable to do the necessary 
chemical work myself. At the present time it is desirable to determine 
whether certain off-flavored butters have appreciable amounts of iron, copper, 
lead or zinc salts present and, if so, to what extent. Some of the work which 
I have done, and work done at other places, suggests that these salts are the 
exciting cause of certain off-flavors, notably metallic and tallowy flavors. 
A large number of samples of butter should be examined for their content of 
these metals and experiments should be performed to show the amounts re- 
quired to produce the results, the chemical reactions taking place and the 
conditions which determine what takes place. 

“Tt would be advantageous also to have the Dairy Section partly responsible 
for the project, since they are in closer touch with the buttermaking industry 
and could give the work a practical direction and interpretation, as well as 
assist us in the manufacture of experimental butters and in the judging of 
the butters being studied.” [G. L. A. Ruehle.] 

Dr. Snyder has taught the Short Course Students in General Bacteriology 
and has supervised the work of Mr. Davenport until this spring. He has 
also directed the work of graduate students in Soil Bacteriology. Most of 
his time has been devoted to his major problem, “The decomposition of 
peat.’ He is making very satisfactory progress toward a solution of the 
problem. 


EXPERIMENT STATION REPORTS. 185 


REPORT OF RESEARCH ASSOCIATE R. M. SNYDER 


My Experiment Station work for the last year includes the following: 
I. The study of ‘‘Nitrobacter Soil Vaccine,” a proprietary product for soil 
treatment, was conducted during the summer of 1921. Following prelimi- 
nary bacteriological work, the vaccine was studied on four plats in the field. 
These plats comprised two different types of soil, and contained a variety of 
legumes and non-legumes. Two applications of the vaccine were made—the 
first when the plants were very small, and the second two weeks later. In 
both cases the solution applied to the plats was prepared strictly according to 
directions accompanying the material. The check strips were treated with a 
similar preparation from which the vaccine was omitted. Throughout the 
season the treated portions of the plats failed to respond more favorably than 
the untreated, and at the close of the season were no better than the untreated 
strips serving as checks. Data on relative yields and photographs of the 
plats were obtained and placed on file. 

II. Studies on the bacterial decomposition of peat (Adams 2c) are being 
‘continued. In the fall of 1921 the crop on the peat cylinders used in this 
connection was harvested and threshed. Separate weighings of the seed, 
stems and leaves were made. Samples of soil from both the cropped and un- 
cropped cylinders were taken and analyzed for total numbers of bacteria, 
actinomycetes, and molds, free nitrogen fixers, coli-aerogenes organisms, 
nitrifiers, ammonifiers, aerobic and anaerobic cellulose decomposers, sulfo- 
fiers, etc. Studies were also conducted on the ability of the flora from each 
cylinder to decompose raw rock phosphate. This work is being repeated on 
samples obtained at the time of planting in the spring of 1922, and it is 
planned to make similar determinations at intervals throughout the growing 
season. Physico-chemical analyses are being conducted on the drainage 
waters obtained from the cylinders. The amount of plant food rendered 
soluble in the peat bears a close relation to that removed by the crop and 
drainage water together. Work is being pursued in the laboratory on the 
influence of various organisms in pure culture on raw peat. When once the 
bacterial flora causing dissolution of insoluble plant food has been deter- 
mined, the handling of peat soils may then be so modified as to facilitate the 
decomposition and dissolution of the unavailable plant food present. 

[R. M. Snyder.] 


Mr. Cooledge has been able to devote nearly all of his energy to research 
on the technical and applied phases of his major project. His method of de- 
termining the actual keeping quality of milk and dairy products is beginning 
to receive the recognition which it merits. He has devoted some time to 
guiding the research studies of graduate students. 
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REPORT OF RESEARCH ASSOCIATE L. H. COOLEDGE 


During the past year I have continued work upon project Adams 3a, which 
has the following for its object: 

(a) A study of methods in use at the present time for determining the 
bacteriological conditions of dairy products. 

(b) An attempt to develop new methods where the old are found inadequate. 

(c) A study of bacteriological problems relating to market milk by means 
of tests developed under (a). 

In addition to the above outline of the project there has been approved 
during the past year and is under way in co-operation with Professor J. E. 
Burnett, of the Dairy Husbandry Department another phase. The object of 
this investigation is to determine the relation of various dairy practices to 
clean milk production and to find the practical dairy procedures which may 
be applied at the average dairy farm, with the best results from a sanitary 
standpoint. 

During the past year the following bulletins covermg some of my work 
have been published by this Station. 

The colorimetric hydrogen-ion determination as a means of studying bio- 
logical changes in dairy products. Technical Bulletin No. 52, November, 
1921. 

An experiment in improving the milk supply of a city milk plant. By 
L. H. Cooledge and O.-T. Goodwin. Special Bulletin 112, November, 1921. 

At the present time two phases of my problems are being studied in co- 
operation with members of the Dairy Department It is hoped that other 
phases may be taken up in a similar manner in order to bring a knowledge of 
bacteriology to bear on dairying to best advantage. 

Work which is well under way includes the following problems: 

The colorimetric hydrogen-ion determination as a means of locating faulty 
methods at city milk plants. 

The pH test as a means of judging the suitability of milk for cheese making. 

A study of the factors influencing the quality of milk during transportation. 

The pH method as a means of paying for milk on a quality basis. (With 
Professor Goodwin of the Dairy Department). 

The relation of discarding the fore milk to low bacterial counts in the 
production of a high grade market milk. (With Professor Burnett, of the 
Dairy Department.) 

At the suggestion of Mr. Broughton, of the Bureau of Dairying, State De- 
partment of Agriculture, a study was made of the sanitary conditions sur- 
rounding the milk supply of Lansing and East Lansing and of Ypsilanti. 
Mr. Robbins, city milk inspector of Lansing, Dr. Pillsbury, Health Officer of 
Ypsilanti, and Mr. Friar, of the Bureau of Dairying, co-operated in this work. 
The object of the study was to see what could be accomplished in studying a 
city’s milk supply in a limited time, the results to be presented to those inter-_ 
ested for criticism and suggestion as a help in making future studies. These 
reports follow: 
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A STUDY OF THE MILK SUPPLY OF LANSING AND E. LANSING 
L. H. Cooledge, Ed. J. Friar1, and W. 8. Robbins?. 


During the week beginning April 24th, a study was made of the milk supply 
of Lansing and East Lansing. All of the plants supplying milk were visited 
and scored as to sanitary conditions using the score cards for Sanitary Inspec- 
tion of City Milk Plants recommended by the Dairy Division of the Bureau 
of Animal Industry, United States Department of Agriculture. 

The average total score of the thirteen plants supplying Lansing was 42.2. 
This is based upon a perfect score of 100. The low average score is largely 
due to the fact that three of the plants were in such condition that it was 
necessary to give them a score of zero. One of these was at once shut out 
of the Lansing market by the Lansing inspector, and the other two were given 
a few days in which to get their plants in shape. 

The tabulated scores of the Lansing plants are shown in Table No. 1. 


TABLE NO. I. 
Sanitary Score. 
Plant. ——_ ——— | Milk sold. 
Equipment. | Methods. Total. 

LE in GG ART) ols Se OR PSOE CO OAGCIESTO ORE OAT CIEE ene a Ta 40 60 100 
ITU ET AN ae eae cee Eee ac ciicdca sheer odd tetrad 2 ae mee Ble 36.5 67.0 | Past 
irl aTiGeN OS. soe tree SON NY SRNL Pcl pee Nt NTE PIS oun ors 31.2 34.7 65.9 | Past 
VEAP Iara onptiect teal cat ce ieceaicie teeters oct se eee noe Saree 28.0 26.7 64.7 | Past 
irikeblanteNoee sae. eee or a alte coe ceo itlcoeain be ence ee eee 26.6 30.5 62.1 | Raw. 
Is THAIN G Ra oda BS GeOs Gere Ae aoe MOE Gris Gunnin fea) Gees 27.0 34.8 61.8 | Raw. 
MITRE aTitNOs Orme ce terre eee trem eee tent acre Ree ait 26.5 28.5 55.0 | Raw 
ERE anit NOsiac no tees ete ee Seer EB oe ee age tia. 2225 31.0 53.5 | Raw 
WELLE Ts GIO EA eee eu 9 eae ER ii Ee Pa I Re ea Se Heer aX Dian PAWL Pte 48.8 | Raw. 
Wilko Plant Nov Gre ey, Che aonye Atta. eel eee wae ae tan 22.0 24.7 46.7 | Past 
MTB antiNO il eee yee ae te Bat ee Ts” Ree 21.0 22.0 43.0 | Raw 
MillerPlant, NGwi teen cemtoc ce tata rns eet en ee aa. Ltt anes 0 0 0 Raw 
Malkeblant Nowtoseas Pyecu dc tt pai: RPT st ot or Sake bane 0 0 0 Raw 
NivkoblantiN oh loss scre se ete eo eiie sera sar te enon eae 0 0 0 Raw 

Ay Gi AO IDES TERE SAIL IOS Tact IGey Ce Tid RET ERtes Be aries 19.8 23 .9 43.7 


The score of the four milk plants selling in Hast Lansing will be found in 
Table No. II. A dealer whose plant was not visited is selling some milk at a 
restaurant. The high average score of these East Lansing dealers is due 
largely to the exceptional equipment and methods of the College raw and 
pasteurized milk plants. 


1. Inspector, Bureau of Dairying, Michigan State Dept. of Agr. 
2. Sanitary Inspector, City of Lansing. 
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TABLE NO. II. 


Sanitary score. 


Plant. |_| Milk sold. 
Equipment. | Methods. Total. 

Perfeetiseore scx tec ane eer eee ee ee en en eee 40.0 60.0 100.0 
RAGS T ace No IOS Ie Me Roa iO AEN oe eh Oe Baga eid CLIBBNO 88.5 | Raw. 
MTP lan tNOs OD eerie et sin emote ire aio) es abeyance eee aha ee By dai) 48.7 86.2 | Past. 
WilksPlantiNOf 103 ee sine eke ete ache tener alee Ree 19.5 35.5 55.0 | Raw. 
MilksPlanten of 045 an nee a ania sey ie tans sae aon ne ek Pees 23.0 31.0 54.0 | Raw. 

AV EVA ZEN I Re een ae Ait oes ae cuore th loc eeete ieee cee ee 28.8 42.1 70.9 


The fact that one plant has a higher score than another does not necessarily 
prove that the one plant is delivering a safer grade of milk, but it does show 
that the one plant is better equipped to handle a safe product and is using 
methods which are more dependable than are those of the plant with the 
lower score. 

To get an idea of the condition of the milk as it arrived at the city milk plant 
samples were taken upon arrival at Milk Plant No. 3 and at Milk Plant No. 1. 
These were tested for keeping quality by the pH method which grades milk 
according to the activity of the bacteria which are present rather than accord- 
ing to the numbers. ‘These samples were taken upon a rainy day following a 
cold night and the samples are in much better condition than would have 
been the case had samples been taken on a warm day following a warm night. 
A score of 100 by this test is excellent and any samples scoring under 70 are 
very bad. Any sample scoring under 70 during weather as cold as when 
these samples were taken would be very bad indeed if the weather was warm. 

The score of milk arriving at Milk Plant No. 3 follows: 


pH score. pH score. 

Dairy Farm No. 1.. 85 Dairy Karm No Alero 100 
Dairy Farm No. 2... 95 Dairy Farm No. 12....... 95 
Dairy Farm No. 3... 55 Dairy Farm INocday iiaeae 95 
Dairy Farm No. 4... Ha pOD Dairy. Farm Nor itiae see 35 
Dairy Farm No. 5.. . 100 Dairy Farm No. 15....... 100 
Dairy Farm No. 6... 95 Dairy Harm, No. W6s.20ce0 55 
Dairy Farm Nos 7..: 95 Daryebharm Noli. pee oe 95 
Dairy Farm No. 8.. Ro at oto) Dairy Farm No. 18.2.8 95 
Dai -Harm: Noose shee a 108 Dairy. Farm No..19;. 23%. 95 
Mairyehanm No.0 og ceo. GeO =r 
IAViETAR EC SCOTE. Macs ages ties 25 GAGS oe Iam sch RR 87 


The average pH score of 87 indicates that the milk as a whole arrived at 
the plant in excellent cgndition in spite of the very poor milk arriving from 
farms 3, 14and 16. Attention should be given to these farms to locate the 
trouble and suggest means for overcoming it. 

Enough samples were taken of milk arriving at Milk Plant No. 1 to get an 
idea of the condition of the milk arriving at that plant. The score of these 
samples follows: 
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Sample pH 
No. score. 
10 65 
Lp 100 
12 45 
13 75 
14 65 
Z 15 55 
16 100 
7g 65 
18 100 
19 100 
20 50 
21 100 
22 50 
23 45 
24 100 
Average... 


Sample 


No. 


pH 
score. 


100 
100 
100 

95 


40 
4] 
42 
43 
Ad 
45 
46 


| 47 


48 
49 
50 
51 
52 
53 
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Sample pH 
No. 


The average score of 85 indicates that the milk as a whole was arriving at 
the plant in excellent condition in spite of the very poor milk arriving from 
the following farms: 10, 12, 14, 15, 17, 20, 22, 23, 30, 31, 32, 47. 

Samples of milk taken from farmers supplying Milk Plant No. 102 at East 


Lansing scored as follows: 


Sample No. 


Average.... 


pH score. 
75 


Sample No. 


gs 


pH score. 
80 


The average score of 80 indicates that the milk as a whole is arriving at 


the plant in excellent condition. 


Poor milk is arriving from the farms of 


No. 20, 22, 51 and 54. The fact that the poor milk arriving at this plant is in 
better condition than the poor milk arriving at the other plants may be due to 
educational measures which have been carried on among the producers sup- 
plying this plant. At the present time all producers delivering milk with an 
average pH score of 75 or over are paid a bonus of 15 cents per hundred. 

The milk as delivered to the consumers in Lansing had a pH score and fat 
test as tabulated in Table No. III. 
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| Sanitary score. 


Plant. [ee SS eS Se Milk sold. 


Equipment. | Methods. Total. 

PertectiscCores +> ..8 scree Nee ete mac De Oeics 40 60 100 
MilkBlantiNo: 1eeh. se eet cctarian skates okra eee 33.0 45.5 78.5 | Raw, tuberculin test. 
WilksPlantiNon2hss sonic rieita cree siete elnaeeine 25.5 34.0 59.5 | Raw, tuberculin test. 
MalkPlantiNowad ask etic cone one oto more cals bterlom ee Zane 33 .6 58.8 | Raw, tuberculin test. 
MilloiPlant Nowa sec s cmers decors talenioe atta Poseemantee 26.5 32.0 58.5 | Raw, tuberculin test. 
MilkaPlant NOr peccructne eee lc otee acter 2.33 31.0 53.3 | Pasturized 
Malice lant NOSGttr. cee stance soso ae cna ron a ad moreeians 21.0 28.0 49.0 | Raw, tuberculin test. 
Mitike Plant uN Onwiceree sete ae cioaice rie enwan eieeteh eee einiante 19.5 28.5 48.0 | Raw, tuberculin test. 
IMilKePlantuN Ons hee oot cence oe cee tenn ueen eae 20.0 25.5 45.5 | Raw, tuberculin test. 
IMUkaPlantiNonOcen cence cs eet ter ee arenas 17.0 25.0 42.0 | Raw, tuberculin test. 
Vivica Plan GaN Om O ney c)etoeteretsscyeectots ose toerc is cis ols orSEINE 12.0 28.5 40.5 | Raw, tuberculin test. 
MITTEE IST THIN O salle sheeors 1h o.oo Snicket en ee iee merino 11.0 22.0 33.0 | Raw, not tuber. test. 
MilkuRlantiNo gone een 32.04, ae sence nun ceets 13.9 18.5 32.4 | Raw, tuberculin test. 
NMP anGIN Ol She sak kee anh cea eee neers 0 0 0 Raw, tuberculin test. 
OU 21 ETN CO Sa ee ee ee pe ee eh 0 0 0 Raw, not tuber. test. 
IMNSPIAntiN Geil Dery tee icc See nen cata cnet 0 0 0 Raw, tuberculin test. 

PA\VOLAD CEH: rare tanyelear aoe tate Gye s ayere ae wean ek ore 16.4 23.5 40.0 


The fact that one plant has a higher score than another does not necessarily 
prove that the one plant is delivering a safer grade of milk, but it does show 
that the one plant is better equipped to handle a safe product and is using 
methods which are more dependable than are those of the plants with the 
lower score. 

To get an idea of the condition of the milk as it arrived at the city milk 
plant, samples were taken upon arrival at Milk Plants No. 5 and No. 3. 
These were tested for keeping quality by the pH* method which grades milk 
according to the activity of the bacteria which are present rather than accord- 
ing to the numbers. These samples were taken on a moderate day as to 
temperature and the scores are better than they would probably have been 
upon a hot day. <A score of 100 is excellent and any samples scoring under 70 
are very bad. Any samples scoring under 70 during weather as mild as when 
these were taken would be very bad indeed if the weather was warmer. 


The score of the milk arriving at Milk Plant No. 5 follows: 


Sample pH Sample pH Sample pH 
No. score. No. score. No. score. 
1 50 6 90 11 100 
2, 50 F 90 i 80 
3 70 8 85 13 95 
4 90 9 90 14 5) 
5 90 10 50 


Average... ee ek We Pe ME 
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The milk arriving at the Milk Plant No. 3 scored as follows: 


Sample pH 
No. score. 

i 55 

2 50 

3 55 

4 55 

5 50 

PANOESOG 5 oe «exo 2 ¥. 53 


The average score of milk arriving at the city Milk Plant No. 5 is satis- 
factory. The three samples with scores under 70 indicates a fault at some 
stage in handling at the farm. This milk arrived at the plant well cooled. 

The milk arriving at Milk Plant No. 3 reached the plant with an average 
pH score of 53. There is a great opportunity for improvement here. The 
score of the milk which this plant was distributing was 55, which would indi- 
cate that the dealer was doing very well with the milk after he received it. 

The milk as delivered to the consumer in Ypsilanti by the various dealers 
had a pH score as tabulated in Table No. II. 


TABLE NO. II. 
Milk plant. DH score. Milk plant. pH score. 
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The average pH score of 67 of milk as delivered in the city of Ypsilanti is 
hardly satisfactory, the majority of the samples having a score which indi- 
cates that the milk has been carelessly handled. The dealers delivering milk 
in the city do not use ice upon the bottles during delivery. Their excuse is 
that the milk is delivered during the night (from 3:00 A. M. to 8:00 A. M. in 
most cases) and that ice is therefore not needed. A number of the dealers 
drive several miles to town to deliver small amounts of milk. The smallest 
amount delivered was 12 quarts and the largest 1,900 quarts of pasteurized 
milk. 

The unsatisfactory score of pasteurized milk sold by Dealer No. 5 suggested 
a progress pH* score at the different stages in the pasteurizing process in 
hopes of locating the trouble. This is shown as Table III. 


: Note—* A bulletin is being prepared at the Michigan Agricultural College showing how this is 
made. 
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TABLE NO. Il. 


Time. pH score. 
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The fact that the milk had a pH score of only 85 after it had been 30 min- 
utes at 145° indicated fault at this stage, as milk usually shows a better score 
after holding. An examination of the recording thermometer in use showed 
that five degrees higher temperature was being recorded than was being 
applied to the milk. This accounted for the low score after holding. The 
hour’s delay after holding while the milk was being cooled in the pasteurizing 
vat and while preparations were being made for bottling allowed the pas- 
teurized milk quite a time to stand at a growing temperature during which 
the score of the milk was lowered to 55. Due to a good brine cooling system, 
the milk after cooling and bottling maintained the score of 55 until delivered 
the next day. 

Thinking the chief trouble with the pasteurizing process had been located 
it was decided to test the process the following day using an actual tempera- 
ture of 145° F. and passing the held milk immediately over the brine cooler 
in order to do away with the milk standing at an incubation temperature so 
long. The results are shown in Table No. IV. 


TABLE NO. IV. 
PH score. 
Pe wRawimillkpastetriaing tan kad ts sche Gia aieis eaten coe opee SenaPoN See aI Geel eteis ic one o'S ae eo oT STEN eee retreats 45 
AMTOA ted howe WN core. we arate “ate con aver stoi abareiel eiaaais a arate oye oC als ts cae RBar eels SS 575 5 Saye aU Rag ere eon DD 
seek heldiatt45: He cor SOMMINTILEse: We tacce core ecko stove tle do CREME Crete ovals ereneis aieiswi ee-disiaieterolete a iete teeters 100 
4slmmediatelyovercodler to bottlarcn 4. 2c cece celacrtaee ce vc eee eel aeisioie eienicilacas seve een roneeE eerie 100 


The above table shows that the trouble with the pasteurizing process was 
as indicated in Table No. III and easily remedied. 

Unfortunately this plant has such an inadequate water supply that it 
isn’t practical to treat the milk as shown in Table IV. The brine cooler and 
the spray vat cooler cannot be operated simultaneously for lack of water. 
However, this plant is about to move into a new specially constructed build- 
ing and this difficulty will be ended. 

Four thousand one hundred twenty quarts of milk sold in Ypsilanti by 15 
dealers is from 37 farms and amounts to a per capita consumption of about 
0.9 pints. Approximately 46 per cent of this is pasteurized by the one pas- 
teurizing plant. 

The writers suggest that in the future it be made more difficult for those 
desiring to sell milk in the city to obtain a license. It would be an easy mat- 
ter to make those desiring to sell milk in the city come up to requirements as 
to equipment and methods. It is very difficult to bring about improvement 
in plants now existing. 

Some arrangement should be made for laboratory examination of samples. 
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Perhaps arrangements could be made with the bacteriologist doing the work 
for the neighboring city of Ann Arbor. 

We suggest that all milk dealers selling in the city be required to have 
steam in their plant, and that some of the poorer plants be gradually 
eliminated. 

We would also suggest that the indiscriminate use of the term ‘‘Grade A”’ 
be forbidden. A case was found where this term was applied to milk of 
doubtful quality. [L. H. Cooledge.] 


Mr. Huddleson has made progress on his project, Adams 3b, probably 
aided by the fact that he is able to devote his undivided attention to his in- 
vestigations. We have a considerable investment in the equipment and ex- 
perimental animals and it would be in the interest of economy to provide 
more men to make greater use of these facilities with the object of bringing 
results more quickly and more far reaching in their scope. 
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During the past year my time has been devoted entirely to the problem in 
bovine infectious abortion. 

The following problems have been reported on during the past year: 

The Susceptibility of Swine to Infectious Abortion, Bact. Abortus (Bang). 
Vide, Quarterly Bulletin, Michigan Agricultural Experiment Station, No- 
vember, 1921, p. 48. 

The Comparative Pathogenicity of Several Strains of Bact. Abortus (Bang). 
Technical Bulletin No. 55, Michigan Agricultural Experiment Station, 1922. 

During the past year an attempt has been made to extend the immuniza- 
tion studies into several badly infected herds in Michigan. The treatment, 
when possible, was carried out under my personal supervision. _Up to the 
present time (June, 1922,) 23 herds representing 360 head of cattle have 
received the vaccine treatment. Sufficient time has not yet elapsed to per- 
mit of a report on the results of the treatment. 

We have in the experimental herd at the present time 33 heifers and cows, 
and 2 bulls, of which 16 cows belong to the Michigan State Department of 
Agriculture. These animals were obtained through the kindness of Mr. H. H. 
Halladay, then Commissioner of Agriculture, from the Coldwater State 
School. 

We now have at the experimental barn 10 virgin sows and 1 boar which 
are being employed in studying porcine abortion. 

The following problems are now being studied: 


1. Diagnosis of bovine infectious abortion. 
(a) by means of serologic tests. 
(b) by means of allergic reactions. 

2. The persistence of Bact. abortus in the tissues of an infected animal. 
3. Immunization.—Under this general heading come the following prob- 
ems: 

(a) The duration of the immunity. 
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(b) Do the organisms contained in the vaccine persist in the tis- 
sues of the animal body and if so how long? 

(c) What effect does the vaccine treatment have on an existing - 
carrier state in the animal? 

(d) When is the most favorable time to administer the treat- 
ment (non-pregnant or pregnant)? 

(e) Does the treatment have any effect upon the health of the 
offspring? | 


4. What are the factors involved in the premature expulsion of the fetus, 
due to Bact. abortus (Bang)? 

5. Does the organism lie dormant in heifers which were infected at birth 
and invade the uterus after conception? 

6. A rapid method for differentiating between virulent and non-virulent 
strains of Bact. abortus. 

7. Swine Abortion. 

There were received during the year 521 samples of blood (bovine) for 
diagnosis of infectious abortion, of which 200, or 37.6 per cent, were positive 
and the remainder negative. . 

There were also received 10 samples of blood from swine for diagnosis of 
porcine abortion (Bact. abortus) of which 5, or 50 per cent, were positive and 
the remainder negative. [I. F. Huddleson.] 


Dr. Stafseth took up his duties about a year ago immediately upon his re- 
turn from a leave of absence in Norway and has pursued his studies with 
enthusiasm, vigor and skill. He is devoting one-third of his time to teaching 
and the remainder to the projects discussed below. For the good of the State 
in general and of poultry husbandry in particular he should have abundant 
assistance. 
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The Experiment Station work carried out since my return to the College 
in the latter part of July, 1921, may be divided into three classes, namely, 
research on poultry diseases, miscellaneous diagnostic laboratory examina- 
tions and field work. 

I. Poultry Diseases—Due to a general demand from the poultry breeders 
in the State chicken pox and bacillary white diarrhea have received special 
attention. A vaccine prepared according to the method employed by J. R. 
Beach, of the California Station, was tried on a flock of over 4,000 chickens, 
one-half of the flock being vaccinated and the other half left as control. The 
results were such as to discourage the use of this vaccine because of an in- 
crease of the internal form of the disease in the vaccinated flock shortly after 
the inoculation. It may be noted that the disease was quite prevalent in the 
flock at the time of vaccination and that the flocks showing the greatest in- 
crease in the diphtheritic form of the disease after the injection of vaccine 


| 
| 
. 
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were those which manifested symptoms of chicken pox most plainly prior 
to vaccination. 

Thus as a curative agent the vaccine did not prove of any value. An 
effort to determine its prophylactic efficiency will be made during the next 
fall and winter. 

Various medicinal agents such as trypan blue, powdered alum, potassium 
permanganate, argyrol, iodine and glycerine equal parts and aborno were 
tried out in the laboratory and on several large poultry farms. None af 
these seemed to possess any outstanding curative or preventative qualities. 
Further tests are necessary to definitely determine the value of these drugs 
and it is hoped that the work may be continued next year. 

A number of experiments were started on bacillary white diarrhea for the 
purpose of determining the importance of the male as a carrier and spreader 
of the infection. Rather extensive studies have also been made of the 
various and biological tests for bacillary white diarrhea. The work on this 
disease is being prepared for publication. 

Miscellaneous diagnostic work comes under two classes, namely, sero- 
logical and tuberculin tests and autopsies. 

The tuberculin test was run on 117 chickens, 4 were positive and 1138 
negative. 

The Ageglutination test for bacillary white diarrhea was run on 2,779 sam- 
ples of sera; of which 273 were positive, 92 very weak or doubtful in reaction 
and 2,414 negative. 

The following table shows the results of the 146 autopsies. 


: : ae q Material No. of 
Disease. ‘ Species. Positive. Negative. | unfit for ex- | specimens. 
amination. | examined. 
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II. A fatal disease of colts.— During the former half of the month of March 
1922, a fatal disease occurred among suckling colts of this College. Three 
colts died less than 36 hours after being foaled and one, which was given 
160 ee. of its dam’s blood intravenously a few hours after birth, lived about 
eight days. A similar or identical disease occurred also in the latter part of 
April, 1917. Atthattime it was studied by Dr. E. T. Hallman and I. F. 
Huddleson, who described it as an acute interstitial nephritis of the equine. 
This disease was studied bacteriologically. An organism showing the same 
cultural and morphological characteristics as the one described by Mr. 
Huddleson in the Journal of the A. M. V. A., Vol. LI, N.S., Vol. 4, No. 5, pp. 
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(b) Do the organisms contained in the vaccine persist in the tis- 
sues of the animal body and if so how long? 


(c) What effect does the vaccine treatment have on an existing - 


carrier state in the animal? 
(d) When is the most favorable time to administer the treat- 
ment (non-pregnant or pregnant)? 


(e) Does the treatment have any effect upon the health of the 


offspring? 


4. What are the factors involved in the premature expulsion of the fetus, 
due to Bact. abortus (Bang)? 

5. Does the organism lie dormant in heifers which were infected at birth 
and invade the uterus after conception? 

6. A rapid method for differentiating between virulent and non-virulent 
strains of Bact. abortus. 

7. Swine Abortion. ; 

There were received during the year 521 samples of blood (bovine) for 
diagnosis of infectious abortion, of which 200, or 37.6 per cent, were positive 
and the remainder negative. ‘ 

There were also received 10 samples of blood from swine for diagnosis of 
porcine abortion (Bact. abortus) of which 5, or 50 per cent, were positive and 
the remainder negative. [I. F. Huddleson.] 


Dr. Stafseth took up his duties about a year ago immediately upon his re- 
turn from a leave of absence in Norway and has pursued his studies with 
enthusiasm, vigor and skill. He is devoting one-third of his time to teaching 
and the remainder to the projects discussed below. For the good of the State 
in general and of poultry husbandry in particular he should have abundant 
assistance. 
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The Experiment Station work carried out since my return to the College 
in the latter part of July, 1921, may be divided into three classes, namely, 
research on poultry diseases, miscellaneous diagnostic laboratory examina- 
tions and field work. 

I. Poultry Diseases—Due to a general demand from the poultry breeders 
in the State chicken pox and bacillary white diarrhea have received special 
attention. A vaccine prepared according to the method employed by J. R. 
Beach, of the California Station, was tried on a flock of over 4,000 chickens, 
one-half of the flock being vaccinated and the other half left as control. The 
results were such as to discourage the use of this vaccine because of an in- 
crease of the internal form of the disease in the vaccinated flock shortly after 
the inoculation. It may be noted that the disease was quite prevalent in the 
flock at the time of vaccination and that the flocks showing the greatest in- 
crease in the diphtheritic form of the disease after the injection of vaccine 
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were those which manifested symptoms of chicken pox most plainly prior 
to vaccination. 

Thus as a curative agent the vaccine did not prove of any value. An 
effort to determine its prophylactic efficiency will be made during the next 
fall and winter. 

Various medicinal agents such as trypan blue, powdered alum, potassium 
permanganate, argyrol, iodine and glycerine equal parts and aborno were 
tried out in the laboratory and on several large poultry farms. None af 
these seemed to possess any outstanding curative or preventative qualities. 
Further tests are necessary to definitely determine the value of these drugs 
and it is hoped that the work may be continued next year. 

A number of experiments were started on bacillary white diarrhea for the 
purpose of determining the importance of the male as a carrier and spreader 
of the infection. Rather extensive studies have also been made of the 
various and biological tests for bacillary white diarrhea. The work on this 
disease is being prepared for publication. 

Miscellaneous diagnostic work comes under two classes, namely, sero- 
logical and tuberculin tests and autopsies. 

The tuberculin test was run on 117 chickens, 4 were positive and 113 
negative. 

The Agglutination test for bacillary white diarrhea was run on 2,779 sam- 
ples of sera; of which 273 were positive, 92 very weak or doubtful in reaction 
and 2,414 negative. 

The following table shows the results of the 146 autopsies. 
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II. A fatal disease of colts.— During the former half of the month of March 
1922, a fatal disease occurred among suckling colts of this College. Three 
colts died less than 36 hours after being foaled and one, which was given 
160 cc. of its dam’s blood intravenously a few hours after birth, lived about 
eight days. A similar or identical disease occurred also in the latter part of 
April, 1917. Atthat time it was studied by Dr. E. T. Hallman and I. F. 
Huddleson, who described it as an acute interstitial nephritis of the equine. 
This disease was studied bacteriologically. An organism showing the same 
cultural and morphological characteristics as the one described by Mr. 
Huddleson in the Journal of the A. M. V. A., Vol. LI, N.8., Vol. 4, No. 5, pp. 
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696-701, August, 1917, was found in the last three cases which were examined. 
Another organism was isolated from all four cases which resembled the for- 
mer very closely both morphologically and culturally. The latter was slight- 
ly longer, grew better in subcultures and its colonies were not viscid when 
touched with the platinum loop. The. colonies of both organisms were so 
much alike in appearance after 24 to 48 hours cultivation that this may ac- 
count for the failure to find one of them in the first case examined. Another 
reason for this may be that from the first case only one-half of one of the 
kidneys was brought in for bacteriological examination. These two 
organisms were isolated from the kidneys, liver, spleen, blood, perito- 
neal fluid, and, in the case of the one colt living eight days, from one 
carpal and the hip joints. The blood of the dams of these colts was plated 
out and from two of them organisms were obtained which resembled the 
two bacteria mentioned above. Antigens were made of these two organisms 
and the blood sera of all the four mares were tested by the agglutination test. 
No successful agglutination was obtained with the antigen obtained from the 
former organism owing to its tendency to form a pseudo-agglutination. This 
was due to the tendency of this organism to form tenacious threads. With 
the second organism agglutination was obtained in dilutions of 1:50 and 
1:100 with the sera of three mares. 

Both organisms were tried for pathogenicity on guinea pigs and proved 
fatal in less than 16 hours. The organisms were recovered from the blood 
and peritoneal fluid. Post mortem changes were observed in the guinea 
pigs similar to those described by Mr. Huddleson. The pathogenicity de- 
creased very rapidly upon artificial cultivation. 

III. An acute septicemic disease of foxes was studied bacteriologically. 
A small micrococcus was isolated which proved fatal for guinea pigs. This 
organism together with two other cocci isolated from the same carcass were 
sent to a fox farm for animal inoculation. One of the inoculated animals 
died in four days with symptoms similar to those of the disease in question, 
but through some error in the records, it isnot known which organism was 
injected into this fox. Lack of experimental animals terminated this work. 

Since October, 1921, 11 trips have been made to various parts of the State 
for the purpose of helping poultry breeders in combating contagious diseases. 


Professor Fabian has been able to devote only a small portion of his time 
and energy to research. Co-operating with a former student, Mr. R. H. 
Cromley, of Detroit, he has made a study of the influence of manufacturing 
operations upon the bacterial content of ice cream. 

He has also had charge of water analysis in the absence of Professor Mall- 
mann during the summer and they have collaborated in the following inves- 
tigation: 


OP 
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A STUDY OF THE RELATIONSHIP BETWEEN THE OXYGEN CON- 
SUMING POWER OF WATER AND ITS HYDROGEN-ION 
CONCENTRATION 


F. W. Fabian and W. L. Mallmann. 


Introduction—In making a sanitary chemical analysis of water or of 
sewage, it is of value to know the oxygen consuming power of the sample, 
not that the oxygen consuming power is all important in itself but it is simply 
the evidence in determining certain sanitary conditions concerning 
the sample in question. The oxygen consuming power is defined as “‘the 
oxygen that the oxidizable compounds of sewage and water consume when 
treated in an acid solution with potassium permanganate.” (1) 

The significance of oxygen consumed from the chemical viewpoint is that 
it is a rough indéx of the amount of carbonaceous matter present. Its sig- 
nificance from the bacteriological viewpoint is that if organic matter is 
present it affords a better medium for the growth of bacteria. This may be 
desirable as in the case of sewage or undesirable as in the case of drinking 
water. 

Plan of Work.—Our work had in mind a study of the relationship between 
hydrogen-ion concentration and oxygen consuming power together with a 
bacteriological study of the samples of water. The water was collected from 
wells in the vicinity of the College and East Lansing, analyzed when fresh 
and allowed to stand for several days or a week and analyzed daily. The 
analysis consisted of making a hydrogen-ion determination, testing for the 
oxygen consuming power, plating on plain agar and seeding in lactose fer- 
mentation tubes. 

Methods.—The method used in determining the hydrogen-ion concentration 
is the colorometric method of Clark and Lubs (2). The method used for 
determining the oxygen consumed was the standard (recommended) method 
(pp. 26-27, Std. Methods, 1920). Suitable dilutions were made on standard 
plain agar (1) the plates incubated at 37°C. and counted at the end of 48 
hours. Two 10 cc., one 1 ce. and one 0.1 ce. portions of water were placed 
in lactose fermentation tubes and incubated for 48 hours at 37°C. The 
above determinations were made on each sample when fresh and every day 
for four days and some cases (at the end of) the seventh day, in order to study 
the changes that took place. 

Results.—A study of tables 1 to 12 indicates that the eet con- 
centration of these samples of water decreases upon standing, the reaction of 
all samples being slightly alkaline. The oxygen consuming power increased 
then decreased as the water stood. The bacterial count, like the oxygen con- 
suming power, first increased then decreased as the water stood, while in the 
case of gas production there was no constant relationship. The gas producing 
bacteria survived the period of experiment very well in most cases showing 
up well at the end of 4 or 7 days. 
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TABLE NO. I. 
Sample 1—Well Water. 


Lactose fermentation per cent gas in 
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Sample 2—Well Water. 
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TABLE NO. III. 
Sample 3—Well Water. 
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TABLE NO. IV. 
Sample 4—Well water. 
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TABLE NO. V. 
Sample 5—Well Water. 
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TABLE NO. VI. 
Sample 6—Well Water. 
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TABLE NO. VII. 


Sample 7—River Water. 
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TABLE NO. VIII. 
_ Sample 8—River Water. 
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: TABLE NO. IX. 
Sample 9—River Water. 
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TABLE NO. X. 
Sample 10—River Water. 
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TABLE NO. XI. 
Sample 11—River Water. 
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TABLE NO. XII. 
Sample 12—River Water. 
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There seems to be no constant relationship between the hydrogen-ion concen- 
tration of water and its oxygen consuming power. In the case of the well 
water the hydrogen-ion concentration decreases more than in the river water 
although the latter has the greater oxygen consuming power. This can be 
explained upon the basis of the greater buffer action of the river water due 
to the larger amount of organic matter present. The decomposition of the 
materials present in the water tested had a tendency to make the water more 
alkaline. This also might be due to the driving off of CO, and the breaking 
down of acid salts into alkaline salts. Previous chemical examination of 
water from the same sources would indicate that this might be the case (8). 

Conclusions.—1. The hydrogen-ion concentration of “the water decreases 
upon standing. 

2. The oxygen consuming power first increased then decreased. 

3. The bacterial count first increased then decreased. 

4. There seems to be no relationship between the hydrogen-ion concen- 
tration and the oxygen consuming power of water. 

5. A relationship does seem to exist between the number of bacteria 
present and the oxygen consuming power of water. 

References.—(1) Standard Methods of Water Analysis. (1920.) 

(2) Clark and Lubs (1917), The Colorimetric determination of hydro- 
gen-ion concentration of bacteriological culture media. Journal of Bacteri- 
ology, Vol. 11, Nos. 1, 2 and 3, pp. ei 34; pp. 109-136; pp. 191-236. 

(3) Fabian ‘and Ruehle ( 1920), Titration of Culture media. Report of 
Bacteriologist, Michigan Experiment Station. [F. W. Fabian and W. L. 
Mallmann.| 


Professor Mallmann is not officially on the Station staff but he has for 
several years assumed certain responsibilities that properly rest on the 
Station workers. 


4 


REPORT OF MR. W. L. MALLMANN 


Residents of the State have submitted 69 samples of water to this labora- 
tory for examination during the past year. As in previous years, the greater 
share of these samples comes from rural districts. The percentage of samples 
condemned is less than in-previous years, but this does not indicate neces- 
sarily an improvement in rural supplies. The number of samples examined 
is far too small to permit one to draw any such conclusions. 

The College swimming pool has been examined almost daily, while in use. 
Seventy-three samples were examined during the school year. The bacterial 
counts have been somewhat higher during the past year, which I believe is 
due to the fact that the filter has not been working satisfactorily. 

The method of disinfecting the water is also very unsatisfactory and should 
be supplanted by the use of liquid chlorine which, I believe, is a very effective 
method. ‘The present method of dragging a cheese cloth bag of chlorinated 
lime through the water keeps the bacterial count down but is a very crude 
method of treatment. 


+ 
Bs,” 


EXPERIMENT STATION REPORTS. 


WATER SAMPLES EXAMINED. 


203 


Reported as | Reported as | Reported as | Total number 
Source. safe. unsafe. suspicious. | of samples. 

DW cenpmehat( drilled) Merry a. bce acres Bh Ree fake lctars ois Sewers 14 ll 0 25 
LOIN TGHLEGS sh eR CES etic Ac ean Old Ido Ge aan el mee GDA zi 7 1 15 
IDG (alls bode acdap rahe MELOSY ASAE AL SOUS AM EA Ste OnCeee EB aae 0 7 1 8 
URS 52 Seidl, Gat eptorae tis Sete eB RE eae to aE: eo Oe te 0 2 0 2 
IS LHI EZI0E7 Ss cyan enya ICIERScORODRCIETcgE hee Nac Tae aa 0 2 0 2 
STUDI Ging Waa aa Oo Baan Rio GUE pOe anit e DEC aCe Eee AOE i 1 0 2 
WISLer ANU en se steeee eae doh isnc Seas ar se ove. ves isnie sais 0 2 0. 2 
LOVE TUG Sie tie ag Dea Ns Batre ty APs Hiei ke 1 0 0 1 
TUSTICTG Wee Beant oo cv Ver eA PSE GPS acetates sc tarchesebolay es ales are theses 6 6 0 12 
Totals ; 29 38 2 69 


[W. L. Mallman.] 


Mr. Frank 8. Davenport, who came to us a year ago from the graduating 
class of the Massachusetts Agricultural College, has performed a very valu- 


able service. 


He has assisted Dr. Snyder in his researches in soil bacteriology 


and has handled the greatly increased distribution of pure cultures of the 


nodule-forming bacteria in a most satisfactory manner. 


MR. DAVENPORT SUBMITS THE FOLLOWING TABULATED 
REPORT: 
DISTRIBUTION OF LEGUME CULTURES, 1921-1922. 
1 
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I feel much encouraged over the past year’s results. For the first time _ 
since before the war we have enjoyed a year of uninterrupted, full-time, 
contented and productive effort to further the departmental program. A 
problem of great importance to us all.is the development of research at this 
College and the relationship in the future of investigations in the Experi- 
ment Station to the investigative spirit and policy of the institution as a 
whole. The Division of Bacteriology is pleased and heartened by the evi- 
dent purpose of President Friday to direct the solution of these problems in a 
spirit of modern, enlightened, educational statesmanship. We are grateful 
to you for your unceasing and increasing sympathy toward and support of 
our work. 

Respectfully, 
WARD GILTNER, 
Bacteriologist. 
Kast Lansing, Michigan, June 50, 1922. 


REPORT OF THE BOTANICAL SECTION. 


Dean R. 8. Shaw, 


Pie Agricultural College. 
Dear Dean Shaw: 


The work of the Botanical Section of the Experiment Station has been 
carried on this past year in the main with the same projects as in the 
preceding year. 

The staff in charge of the different lines of work differed from that of 
the preceding year as follows: Dr. R. P. Hibbard was on leave of absence 
from September 1st to June 30th while occupying a fellowship at Johns 
Hopkins University. The Johnston fellowship, which was given Dr. Hib- 
bard, is one that is offered only to men who are outstanding in their pro- 
fession and is in reality an invitation to co-operate with Johns Hopkins 
University on given lines of research. Mr. C. W. Bennett was appointed 
part time research assistant in plant pathology beginning April 1st. be- 
ing assigned to fruit disease investigations. By the terms of their ap- 
pointment, Mr. Bennett becomes full-time research assistant beginning 
July ist. 

My personal work bas been, so far as the Experiment Station is con- 
cerned, mainly of supervisory and advisory nature. I carried on some 
investigations, not yet completed, on the orange rust of raspberries and 
blackberries. The main results of the investigations in Plant Pathology 
are contained in the accompanying report by Dr. G. H. Coons, and in 
Plant Physiology in the accompanying report by Dr. R. P. Hibbard, both 
of which I wish incorporated as part of my report. 

Respectfully, 
EK. A. BESSEY, 
Professor of Botany, Botanist of the Experiment Station. 
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Dr. E. A. Bessey ; 
Dear Sir: 


I submit herewith the annual summary of the work carried on in plant 
pathological investigations for the preceding year. 
Adams 5 b. 

This project calling for investigation of certain organisms (Sphaer- 
opsidales) from the point of view of life relations and with reference to 
methods of identification by means of cultures and biological methods. 
has been continued and shows some progress. 

Becoming interested in certain white forms which have developed in 
the cultures of Phoma apiicola made by Mr. Bennett, we have isolated 
these forms and have compared them with the single spore culture from 
which they have sprung. A study of these variations as they have ap- 
peared from time to time shows ‘them to be attenuated forms without 
power of fruit body formation. This material is being prepared for pub- 
lication, in collaboration with Mr. Bennett. 

Similar work is being carried on with white strains of other fungi and 
these will be subjected to various tests for identification and comparison 
with the original pure cultures. 

Work with animals has not advanced far beyond the position of last 
year. It can be definitely stated that the fungus cultures used definitely 
sensitize the laboratory animals. The reactions obtained are in part 
specific for the organism and in part general reactions to the group. 
The reactions of an anaphylactic type seem ‘too coarse for identification 
work, and no success has been had with the hemolytic reactions. Further 
work will concern itself with the complement fixation reaction. 


Hatch Fund Projects: 


Under the Hatch fund projects various minor lines of work have been 
carried on. From this source is financed your work on cucumber and on 
ginseng diseases. The chief work carried on under the Hatch project is the 
collection of data for the Plant Disease Survey, which is annually summar- 
ized by the Office of Plant Disease Survey in Washington. Diagnosis of 
farmer’s samples, determination of unknown and puzzling disease situa- 
tions on minor crops, certain field investigations, all go to furnish the 
body of data used in preparation of the report to the central office. 
State Fund Projects: 

Celery Disease Investigations: 

Celery work in co-operation with Mr. Ray Nelson has now progressed to 
the point where full attention can be given the development of resistant 
seed. The tests carried on at Kalamazoo last summer demonstrated with- 
out question that the strain of seed selected for disease resistance has 
this quality to a satisfactory degree. A row of this new strain subiected 
to the worst disease conditions in years, grew normally and developed 
a marketable crop of celery of good quality. In the row beside it, a 
certain pure-line Golden Self Blanching celery failed completely.  Ad- 
jacent rows of other types of Golden Self Glanching were badly diseased. 
About 100 plants of this new variety were carried to seed production in 
the greenhouse, and this seed is being tested for general selection pur- 
poses. A report on the Yellows Disease of Celery is in preparation. 
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Potato Disease Investigations: 


Investigation of the Black Leg Disease of Potato has been continued 
by J. E. “Kotila. Work in the field at Chatham, Michigan, was badly 
hampered by the severe drought, and overwintering experiments gave no 
results because of the failure of the disease to develop in the fields at all. 
Inoculation work under conditions where plants were kept moist were 
successful. Study in the laboratory has taken into consideration the 
relation of the Black Leg organism to Bacillus carotovorus and interest- 
ing relations have been discovered. Attenuation of the Black Leg organ- 
ism has also been accomplished. 

In co-operation with the Department of Entomology, Mr. Kotila has’ 
carried on for some years study of the Potato Leaf Hopper. Results of 
this investigation have been prepared as a special bulletin and this is 
now in press. 

Seed treatment work has been carried on at Chatham and at East 
Lansing. Especial attention has been given to the utilization of sulphur 
as a means of scab control. At present, the results have not been favor- 
able to this chemical for use with calcareous soils. 


Cereal Disease Investigations : 

Inyestigation of various methods of control of Stinking Smut has 
been continued. The feasibility of certain dust treatments recommended 
by Australian workers has been extensively tested with winter wheat 
and it has been found that the dust treatments even with wheat that was 
excessively smutty have given sharp reduction of smut. The method 
when tested with oats has not given such good control of smut and is 
not recommended for this grain. Trials by county men have indicated 
poor results with oats. It would seem that the hull of oats interferes 
with complete dusting. 


Bean Disease Investigations: 

This work has been carried out by Mr. Nelson and has centered on 
investigations of the Mosaic disease of beans. The study so far has 
given basis for accurate diagnosis of Mosaic symptoms, and differentia- 
tion of the disease from other types of leaf mottling and curling. The 
disease has been transferred from diseased plants by agency of the aphid, 
Macrosiphon solanifolii. Account of these tests has been submitted for 
publication to Science. 


Transportational Disease Investigations : 


Studies of the causes of blemish-production in yarious fruits and vege- 
tables have been carried on largely by Mr. Nelson. As a result of 
series of studies upon grapefruit, orange, apple, cabbage, lettuce and 
potatoes, some light has been thrown on the nature of the breakdown 
which leads to blemish formation. In general it may be said that the 
breakdown is of the nature of asphyxiation and interesting results have 
been obtained by the use of various gases in storage chambers at various 
temperatures. A preliminary notice “of this work has appeared and work 
so far completed will be presented in a series of articles. One of those 
dealing with breakdown in cabbage is now in preparation. 
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I would call your attention to the fact that the work is badly hampered 
for want of laboratory room and by lack of greenhouse space. 
Respectfully submitted, 
G. H. COONS, 
Associate Botanist. 
Professor EK. A. Bessey, 
Botany Department, M. A. C. 
Dear Dr. Bessey: 


I herewith submit the report of the work in Plant Physiology for the 
year ending June 30, 1922. 

The work in Plant Physiology was somewhat reduced because of my 
absence from the College. By arrangement, the Adams 2d project was 
discontinued for the period of my leave and the services of my assistant, 
Mr. S. Gershberg, discontinued. As my work at Johns Hopkins rather 
unexpectedly turned out to be in the same general line that I have followed 
here, I assume it will not be out of :place to append a brief memorandum 
to the present report. 

(1) A study, conducted in the fall of 1921, of 15 culture solutions of 
Type I (1.00 atm.) with pure line Marquis wheat, seedling phase, using 
5 plants in each of ten 2-quart jars for each solution, renewing all solu- 
tions every other day, determining the dry weight of the 750 plantlets 
individually and studying the results statistically. The results are the 
most valuable thus far obtained by the water culture method. 

(2) A study identical with that above with the exception that the 
experiment was carried on early in the spring while the other was in the 
winter time. Both experiments were run in the greenhouse. 

It was interesting to note that climatic conditions played an important 
part in determining the distribution of good and poor growth on the 
triangular diagram. For example, the peculiar injury called “magnesium 
injury” was marked in April and May but failed to appear in December. 
In December, a ratio of salts high in magnesium and low in both potas- 
sium and calcium proved to be the best for growth of seedlings, while 
in April a ratio of the same salts all in about equal quantities produced 
the best yields for seedlings. The general conclusions from this study 
follow : 

1.Variability in plants frequently obscures any relation that may hold 
between the physiological values of the different solutions tested. This 
difficulty is to be overcome partly by using pure line seed, partly by im- 
proved methods of germination, and selection of original seedlings but 
probably mainly by employing larger numbers of seedlings with the same 
treatment. The best results have been obtained with pure line seeds, 
germinated in a special way, and with 50 plants for each solution. 

The general conclusion follows that in view of the many kinds of condi- 
tions affecting the salt relations it is practically impossible for a single 
worker to secure results involving all the influential conditions in a known 
way. Co-operation of several workers with carefully controlled conditions 
is absolutely essential if definite knowledge is to be obtained. 

It is suggested that the next great step in the study of salt nutrition 
of plants should be an attempt to provide at one or more places the 
necessary equipment for adequately controlling temperature, evaporation, 
the CO: content of the air, the oxygen and CO: content of the nutrient 
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solution, the quality and intensity of the light, etc., besides the control 
already frequently used for salts, salt proportion and total concentration 
of the solution. 

The project entitled “The Physiological Effect on Life Processes of 
Certain Plants Growing under Deficient or Improper Nutrition Condi- 
tions” was continued under the guidance of H. ©. Young. In its present 
form it is directed towards a study of the effect of various fertilizer 
applications on the variation of sugar content in the sugar beet. In addi- 
tion, a study is being made on the variation in sugar content as influenced 
by the unbalanced condition of the fertilizer salts. From studies in the 
laboratory it has broadened out to studies in the field. This present 
summer makes the second summer the project has been conducted in the 
field. Some very important results have been obtained, the details of 
which will be deferred until the present season’s work is done. It is 
also wise to carry the work further since it is very desirable to get con- 
clusive evidence over a series of years, if possible. 

The experiment station work, besides that mentioned above, includes 
three projects carried on in co-operation with. other organizations. 

1. Co-operation with the Horticultural Department, M. A. C.\ The 
project under this co-operation is as follows: Fertilizer Experiments on 
Apple Trees. The object of this investigation is to study the influence 
of nitrogenous fertilizer under different conditions and the physiological 
changes resulting from these applications on the vegetative growth and 
fruit “production ‘of apple trees in their unfruitful condition. 

The work was begun in 1920 and during my absence in 1921 was under 
the direction of H. C. Young. Many good data have been collected along 
the lines assigned to us, especially in (1) growth, (2) carbohydrate 
determination, (3) Nitrogen determination, (4) Carbohydrate production 
of the leaf, (5) leaf area and color, and (6) fruit setting. 

2. In co-operation with the Ecological Society of America we are col- 
lecting soil temperature records. This season is the fourth season in this 
co-operation. During my absence, 1921-1922, the work was kept going, 
as it took only a little time to change the record sheets on the instru- 
ment each week and only entailed a small financial outlay to get a 
year’s supply of record sheets. 

3. In co-operation with the National Research Council a study of the 
salt requirements of agricultural crops was undertaken late in the year 
1918. Considerable data have been collected and sent to the committee 
in charge in the form of detailed reports. During the year 1921-1922, 
on account of my absence, co-operation was discontinued. 

The work in the College included, as usual, graduate and under-graduate 
instruction. With my absence at Johns Hopkins University this in- 
structional work fell to Mr. H. C. Young and the large classes he handled 
and the enthusiasm he instilled into the students certainly showed good 
returns for the year’s work in plant physiology. 

For your sympathy, co-operation, and willing assistance in all the 

varied interests of plant physiology, I wish to give you my many thanks. 
Respectfully, 
R. P. HIBBARD, 
Plant Physiologist. 
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REPORT OF THE CHEMICAL SECTION. 


Director R. 8. Shaw, 
College. 
Dear Sir: 


The work of the Chemical Section for the year ending June 30th is 
briefly summarized as follows: 

The close of the last fiscal year marked the termination of our control 
of the fertilizer, feeding stuffs, and insecticide inspection laws, and the 
records pertaining thereto then in our possession were turned over to 
the State Department of Agriculture. 

Much delay in the readjustment of the work of ‘the Section was oc- 
casioned by the uncertainty concerning the tenure of office of three 
members of the staff who were not given contracts. Not until January Ist 
was the matter finally decided when Miss Bademer was given a contract 
for the remainder of the year. Miss Grettenberger was transferred to the 
Chemical Department of the College and Mr. O’Meara to the State 
Department of Agriculture. 

This adjustment made it impossible to undertake any new lines of 
work as the projects then in progress occupied the time of the entire staff. 


ADAMS FUND. 


Project 2b—“The Physico-Chemical aspects of soil acidity.” The in- 
vestigation of the role of adsorption in soil acidity has yielded very 
interesting results. A study of the nature of adsorption from solution 
by some of the simpler adsorbents has been made. Data obtained by the 
use of an activated ash-free charcoal indicate that many of the conflicting 
results of other investigators are erroneous and due to impurities, and 
it has been possible to reproduce and explain many of the contradictory 
statements made concerning the nature of adsorption by charcoal. One 
paper dealing with this phase of the work has been accepted for publi- 
cation by the Journal of the American Chemical Society and another 
paper is being prepared. 

Preliminary experiments with other and more complex adsorbents such 
as fuller’s earth and kaolin, which more closely resemble soils, have 
yielded results that tend to greatly clarify our knowledge of the phenom- 
enon known as soil acidity. 

Project 2 ba—‘‘The organic nitrogenous compounds of peat soils.” 
During the past year the work under this project has been confined to a 
study of the acid amide fraction of the nitrogen. At present an attempt 
is being made to determine quantitatively the dibasic amino acids in 
peat and correlate these quantities with the amounts of acid amide 
nitrogen. 

Project 2 e—“A study of the preparation and properties of pure vege- 
table proteins.” It has been impossible to do any work on this project 
during the year, and, consequently, it will be discontinued. 
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HATCH FUND. 


‘A study of the availability of organic ammoniates”. This work is very 
Cie at this time owing to the fact that more and more attention is 
yeing paid to the availabilty of organic ammoniates by both the fertilizer 
manufacturer and the consumer. Investigation has been actively pushed 
during the year. An article entitled, “Studies of the availability of 
Organic Nitrogenous Compounds—Part I”, was published in the Journal 
of ‘Industri al & Engineering Chemistry, Vol. 13, No. 10, p. 9938, and two 
articles dealing with the chemistr Vy of the labor atory method now com- 
monly used for the determination of the relative value of commercial 
organic ammoniates are in preparation. 

“The preparation of neutral solutions of Ammonium Citrate”. Work 
on this project has been continued in collaboration with the Association 
of Official Agricultural Chemists. The methods of analyzing the solution 
under consideration have been studied and an article entitled, “The 
analysis of solutions of Ammonium Citrate”, was published in the Journal 
of the above mentioned Association, Vol. 5, No. 4, and further data will 
be presented at the next meeting of the Association. As a result of this 
work Dr. Robinson was asked to serve as referee for the Association on 
the subject of the preparation of neutral ammonium citrate. This subject 
is of great interest to fertilizer manufacturers and control officials. 

“The estimation of carbon-dioxide”’. This project has been closed, no 
further work on it being contemplated, except such collaborative work 
as may be requested by the A. O. A. C. which is investigating the methods 
devised in this laboratory for the analysis of baking powders. 

“The Hydrogen-ion concentration of human feces”. Owing to lack of 
help this project will be dropped. The results of the work already accom- 
plished have been published in the Journal of Biological Chemistry, Vol. 
52, No. 2, p. 445. It was found that the normal fecal reaction of appar- 
ently healthy men on mixed diets lies between pH 7.0 and 7.5, and that 
the causes influencing the reaction are physiological rather than biolog- 
ical. 


MISCELLANEOUS. 


Ninety-nine samples of a miscellaneous character were analyzed during 
the year. In addition, collaborative work for the Association of Official 
Agricultural Chemists has been done on crude fiber, determination of 
nitrogen in nitrates, sulfur in organic materials, phosphoric acid and 
insecticides. 

At the last meeting of the said Association the writer was appointed 
referee on the subject, “Inorganic Plant Constituents”, and considerable 
time has been spent on the development of methods for the determination 
of iron and aluminum, manganese, calcium and magnesium in the presence 
of a large excess of phosphoric acid such as obtains in the ash of seeds. 

During the fall of 1921 more than 400 samples of sugar beets were 
tested for the Farm Crops Section and 60 samples were tested for the 
Botanical Section. 

Urgent requests have been made upon us for co-operation on problems 
now being conducted by other sections of the Experiment Station, which 
we have been unable to grant owing to lack of help. 

In conclusion, I desire to commend again the spirit of loyalty and 
devotion exhibited by all the members of the staff during a most unusual 
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year and to express the hope that the importance of chemistry in relation 
to the many problems of agriculture will be more fully appreciated and 
that this section may function in the future to the full extent of its 
possibilities. For your advice and council during the year I wish to 
express my grateful appreciation. 
Respectfully, 
ANDREW J. PATTEN, 
Chemist. 

East Lansing, Michigan, June 30, 1922. 


REPORT OF THE SECTION OF ENTOMOLOGY. 


Director R. S. Shaw, 
East Lansing, Mich. 
Dear Sir: 


The present fiscal year has witnessed no change in the personnel of 
the Section of Entomology. It is believed that if it can be so arranged 
an assistant who would devote himself to the study of orchard and vine- 
yard problems in the field could be employed with much profit. New 
problems in the control of fruit pests are constantly coming up, problems 
that must be passed up for the lack of some one to attack them. At 
present the whole field of entomology is covered by less than half of the 
time of each of two workers. 

The work in parasitology has been greatly facilitated by the completion 
of the animal-house, supplying as it does housing accommodations for a 
few animals under observation and a small laboratory for making exami- 
nations of material. 

Quite a bit of work has been done on Michigan’s reindeer herd at the 
instance of the State Conservation Commission. Besides this, progress 
has been made in the survey of diseases of food-animals and the work 
in the control of human intestinal parasites has progressed favorably as 
well as considerable work on internal parasites of foxes. 

During the year the European corn-borer has been constantly in mind 
and many trips have been made and many samples of suspected cases, 
sent in by mail, have been examined in order that no real case might be 
neglected. Thus far none of the real pests have been encountered. 

The fall of 1921 witnessed the worst case of corn-ear worm, Heliothis 
obsoleta, ever seen by the writer. Great quantities of sweet corn and 
popcorn were destroyed and much field-corn as well. Of course nothing 
could be done for the season of 1921 after the attack was well under way, 
and therefore we confined our efforts to giving instructions aiming toward 
the avoidance of a similar loss during 1922. It is of course too early as 
yet to know how successful the campaign will be. 

When the season was well advanced many ears of corn harboring a 
number of the larvae were sent in. These proved to be the fall army- 
worm, Laphygma frugiperda, and during the fall the corn ear-worm and 
the fall army-worm vied with each other in destroying the crop. Unfor- 
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tunately the fall army-worm worked also in other crops notably in beans. 
Here the pods were eaten into and the contents of the seeds scooped out 
resulting in a characteristic injury which later was noticed by the seeds- 
men and which proved quite a mystery to them until the matter was 
explained. 

The apple-seel chalcis, Syntomaspis druparum, appeared in limited 
numbers for the first time in our State. Its work shows as a depression 
and scar usually on the side of the apple, which on being bisected through 
the surface scar, shows a healed up path leading to the core,. An exami- 
nation of the seeds shows part or all of them to be scooped sat leaving 
little more than a shell, some of these shells enclosing larvae or orubs. 
The grubs pass the winter in fallen apples, to come out in the spring for 
the purpose of laying their eggs in the small apples of the next season. 
This pest is most ‘easily controlled by the destruction of all fallen apples 
before winter sets in. 

The garden web-worm, Loxostege similalis, was more troublesome 
than ustial in alfalfa, the damage was most serious in young seeding 
where it was possible to do very effective work by merely rolling the land. 
The roller crushes the Jaxrvae without seriously injuring the young 
plants. 

Grasshoppers.—The grasshopper inyasion has progressed according to 
schedule. The areas which have suffered the most and the longest are 
showing a marked improvement. The grasshoppers are dwindling and 
in the Lower Peninsula the number of blister-beetles is increasing. New 
areas are, however, becoming infested on the borders of those already 
infested as was to be expected. In the Upper Peninsula the progress has 
not been so great, largely because the land is less thickly settled and the 
invasion is not so old. Furthermore, the use of poisoned bait has not 
been so vigorously pursued. Nevertheless hair-snakes, Gordiinae, are 
plentiful and a teacupful of the large Melanoplus femoratus from this 
region yielded half a teacupful of the worms known as hair-snakes on 
being torn apart. It is to be expected that the blister-beetles will soon 
appear and make their presence felt in this northern region. 

As noted in the zeport of last year one of the grape leafhoppers, 
Typhlocytba tricinta was exceedingly common in the grape belt. A strong 
effort was made to successfully combat this pest by means of sprays 
although the writer is convinced that permanent relief will’ be obtained 
only through the destruction of the winter quarters of the pest, viz. 
fallen leaves, rubbish and similar shelter of all sorts in the vicinity of 
the vineyards. However, it was clearly demonstrated that the leafhopper 
may be controlled although sometimes with difficulty by one or more 
sprays of Bordeaux and for ty per cent nicotine sulphate, the first applica- 
tion to be made just before the hoppers get their wings. Success depends 
largely on the thoroughness and force of the application and on the care 
with which the under surface of each leaf is coated with the mixture. 

The grape-berry moth received considerable attention at about the same 
time as the leafhopper. This insect has been steadily growing more 
serious in the grape belt for a number of years. The experience of the 
summer of 1921 would appear to indicate the superiority of Kedzie mix- 
ture and Bordeaux over everything else in the control of the pest, the 
number of applications being determined by the gravity of the attack 
but always there should be a spray about three or four days after bloom 
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and another when the ovapes are about the size of buck-shot and before 
they touch in the cluster, it being possible at that time to make the spray 
penetrate between the berries so that each berry receives a coat of poison 
on all sides. 

Paradichlorobenzene has apparently come to stay. Its use in the 
control of the peach-borer has given us much gratification. Thus far no 
harm seems to have resulted from its use in this way and the destruction 
of the borers seems to have been almost complete. At any rate complete 
enough to make it a commercial success. 

Our efforts toward getting the time for the most effective spray for the 
second brood of the codling moth seem to have been generally successful. 
It would be of great value “to run a string of cages straight across one or 
two counties, from the lake shore inland in order to determine how far the 
influence of Lake Michigan extends and just to what extent the time of 
emergence and consequent hatching of the second brood of eggs is influ- 
enced by the lake. This will be done next year if it is financially possible. 

For the first time in the experience of the writer, white ants actually 
injured corn in our State. An inquiry into the case revealed the fact 
that there were in the field a quantity of decaying stumps which har- 
bored the termites and from which they attacked the corn 

The potato leafhopper which causes hopper-burn in potatoes was prev- 
alent during 1921 and is now appearing to a more limited extent in 1922. 
We are recommending the use of Bordeaux. The addition of nicotine - 
sulphate adds to its effectiveness but the use of the latter poison seems 
to be hardly warranted for use on potatoes owing to its cost, and in most 
cases the grower seems to be able to “get by” with the Bordeaux alone. 

For several years now the writer has been experimenting with a new 
borer repellant directed primarily against the flat-head borer of apple. 
Thus far the results have been very gratifying and if the results of the 
present season do not prove contradictory we may hope to put out some 
advice of commercial importance in the near future. 

Two new pests of fruit have appeared during the year, one the grape- 
blossom midge, Contarinia johnsoni, which destroys the grape while in 
the bud stage and which has baffled growers in the Kast for several years ; 
the other the apple flea weevil, Orchestes canus, an insect apparently of 
lesser importance which eats small pits in the foliage of apple. 

Another record of interest is the finding of a flea, hitherto found only 
as a rarity in Brazil, a flea inhabiting the rat, and therefore, prop- 
erly under suspicion as a possible carrier of disease. The few specimens 
received came from Detroit and are known as Pulex brazilensis. 

At no time in the past has the cockscomb gall of elm, Colopha ulmicola 
been so prevalent. Every day for months has brought in samples of this 
aphis and of its work. Furthermore aphids of all sorts are plentiful. 
The cool damp weeks of early spring being unfavorable to the develop- 
ment of aphid parasites. Canning peas have suffered severely. The pea 
aphis, Macrosiphum pisi, developing on clover, early in the season and 
migrating to the peas during July in swarms. Dusting experiments have 
proven that it is possible to “destroy the lice but whether this can be done 
at a profit in the generality of cases is still open to grave doubt. The 
development of a new killing agent for plant-lice, a cheaper killing agent 
that can be used freely ag ainst plant-lice on potatoes, peas and many 
other field crops, is still ereatly to be desired. Nicotine is effective but 
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expensive and its use does not seem to be warranted in the protection 
of some of these crops unless, of course, the price of the product can be 
raised to meet the extra expense. 

During the late winter the Section of Entomology entered into co- 
operation with the Section of Farm Management for the purpose of de- 
termining the actual cost of production and of other details in the business 

management of apiaries. The work is progressing finely and is greatly 
appreciated by the beekeepers of the State as well as by leaders in the 
business of beekeeping in other states. 

Respectfully submitted, 
Bh. Ee PERE CE, 
Entomologist. 
Fast Lansing, Michigan, June 30, 1922. 


REPORT OF THE SECTION OF FARM CROPS. 


Director R. S. Shaw, 
Michigan Agricultural College. 
Dear Director Shaw: 


I herewith present the annual report of the Farm Crops Section for 
the fiscal year ending June 30, 1922. Considerable increase has been 
made in the number of projects handled, and in the duties and respon- 
sibilities of the Section in the period covered. 

The importance of Professor Sprage’s work is demonstrated by the 
widespread use throughout this State of the Rosen Rye, Ried Rock wheat, 
Wolverine oats, Robust beans, Mich-2-Row and Black Barbless barley. 
The Rosen rye, ‘Wolverine oats, Red Rock wheat and Robust beans have 
spread to other states and are proving of great value over a wide terri- 
tory of climatic and soil conditions Simla? to those of Michigan. 

The Hardigan alfalfa, recently released by Professor Spragg, shows 
great promises as ia seed and forage yielding variety in Michigan. With the 
increase of this variety under suitable conditions, it may be possible to es- 
tablish an alfalfa seed production industry in Michigan, which should aid 
greatly in placing this crop on a more stable basis. Mr. Olaf Nelson of 
Aloha, Michigan, who is working in co-operation with the Farm Crops De- 
partment, secured six and one- halt bushels of cleaned seed from one acre 
of Hardigan. He has greatly extended his plantings and in addition many 
members of the Michigan Crop Lmuprovement Association are growing 
Hardigan under inspection for seed. Approximately one hundred and 
forty acres are now planted to Hardigan for seed increase under inspec- 
tion. 

Potato breeding work has been instituted and new and improved va- 
rieties can be expected within a few years. The breeding work with 
Rosen rye is apparently bringing out an improvement over the original 
release. The wheat breeding work has been brought to the point of the 
increase of several strains of great promise from the standpoint of winter- 
hardiness and milling quality, although it is doubtful whether any of 
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them are superior in yield to the Red Rock. These strains must be further 
increased and tested in the State before final results can be secured. 
ive acres of the Improved Robust bean were planted on the Station 
Farm in 1922. This is a selection from the Robust originally sent out. 
It is apparently a higher yielder and is equally resistant to the Mosaic 
disease. 

A yield test series of ryes was planted last fall. This has been needed 
for a number of years. When the Rosen rye was originally distributed in 
1912 the tests on the Station plats showed that it was yielding about twice 
as much as the ryes generally in use. Because of its superior yield and 
quality it would have entirely replaced all original ryes, had it not been 
that it, being an open fertile crop, was somewhat intercrossed with in- 
ferior rye varieties in earlier years. Five years passed before the Mich- 
igan Crop Improvement Association instituted field and grain inspection 
in 1917, selecting only five per cent of the Rosen rye to continue as cer- 
tified Rosen. The different growers, through selection from their strains 
of Rosen. have produced different strains but nothing was known regard- 
ing the relative yielding powers of these strains. Also, during the last 
decade, considerable rye breeding has been done by other experiment 
stations. As Rosen rye is now sold to buyers in nearly every rve growing 
state, it was advisable for the Michigan Station to make a collection of 
the ryes recommended by other stations and conduct a complete varietal | 
test. 

Professor F. A. Spragg has been assisted in the plant breeding work by 
_E.E. Down, Research Assistant and H. M. Brown, Graduate Assistant. 

The alfalfa project, including the testing of forty-eight varieties from 
leading commercial sources, W vhich supply Michigan ‘home. grown seed, 
was a great help in safely guiding recommendations made during the 
progress of the alfalfa campaigns carried on during the year. These 
tests showed markedly the advantage of Grimm, Cossack, and common - 
alfalfa from the northwest over varieties from southern states, or seed 
secured from the Mediterranean countries and South America. The 
Grimm and Cossack were better adapted and hardier than the common 
alfalfa from the northwest. The Hardigan alfalfa, used as a check, was 
a leader in the test. Extensive time and rate of planting experiments 
with alfalfa were planted in the spring. Professor C. R. Megee directed 
these tests. 

A state-wide alfalfa campaign was carried on throughout the year. It 
is estimated that over 275,000 acres of new alfalfa seedings were planted 
this spring, carrying the total acreage to over 500,000 acres for the State. 
The spring season was very fay orable and alfalfa seedings were unusually 
successful. Michigan grown alfalfa seed was an important factor in 
increasing the acreage, over 150,000 pounds having been planted. The 
summer season of 1921 was exceptionally dry and warm, the widespread 
attention was called at that time to the unusually good conditions for a 
seed harvest. This is the first year that Michigan grown alfalfa seed was 
of importance. ; 

The clover work involved comparative tests of native grown and im- 
ported clover seed. Michigan grown clover seed and seed ‘from northern 
states was shown to be fauch. more valuable for Michigan than Italian 
red clover or clover seed from southern states. Without doubt, these 
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latter strains gave much less yield due to lack of hardihood and to great 
injury from anthrocnose. 

Arrangements have been consummated to co-operate with the United 
States Department of Agriculture, Bureau of Plant Industry, in extensive 
investigations of red, alsike and sweet clover, covering the next three 
years, involving seed and forage production and adaptation investiga- 
tions. A co-operator from the Bureau of Plant Industry will be associated 
with the department en-residence, during the period of investigation. 
Professor C. R. Megee of the Crops Department has had direct charge of 
the clover investigational work. 

The first large increases of improved corn from the ear-row breeding 
work of the past two years were made during the spring. Twenty bushels 
of improved Duncan, thirty of Golden Glow and eighteen of M. A. C. 
Yellow Dent were placed with the growers of the Michigan Crop Improve- 
ment Association for increase under inspection. Much is expected of 
these high yielding varieties when sufficiently increased for widespread 
distribution. The ear-row work has been conducted on an extensive 
scale and occupies about fourteen acres. 

Corn varietal test work is being carried on in its fourth year. Last 
fall’s results showed conclusively that northern grown varieties, grown 
for two or more seasons in Kansas, lost their hardiness and hence the 
practice of growing varieties adapted to Michigan for seed purposes in 
states to the south of us is unsound. 

The increases of selected ears of sweet corn, resulting from plantings of 
1920 and 1921, in co-operation with a large Michigan canning company, 
were planted in the spring of 1922. 

The frost resistant selection work shows promise of bringing out 
hardier varieties which can be planted much earlier in the spring. The 
first considerable increase is being made this year. Ear-row selection 
work with Australian hulless popcorn has been initiated. Mr. J. R. 
Duncan has been in charge of these experiments. In addition to the 
ear-row work, Professor Spragg and Mr. Duncan are conducting selfing 
work in the increase fields of improved varieties. 

With the assignment of the potato crop to the Farm Crops Section, 
the experimental work with potatoes was greatly extended. The plant 
breeding work with potatoes occupies approximately four acres of ground. 
It is now in its second year. Professor F. A. Spragg and Assistant Pro- 
fessor CO. E. Cormany are handling this work. Time of planting experi- 
ments with both late and early varieties and rate of planting experiments 
have been started under the direction of Mr. Cormany. 

The extensive experimental work at Chatham with potatoes is now in 
its fourth year. Varietal testing, selection work and cultural experi- 
ments are being continued. With the transfer of Mr. G. W. Putnam from 
the Upper Peninsula Sub-station to the position of Assistant Professor 
and Extension Specialist in this department, Mr. H. R. Pettigrove was 
appointed as Farm Crops Experimenter, delegated to the Upper Peninsula 
Sub-station. re 

Mr. J. W. Weston and Mr. H. CG. Moore, Extension Potato Specialists, 
are actively aiding in carrying on co-operative potato experiments at 
the Graham Sub-station, Grand Rapids, at the new Mancelona Experi- 
ment Farm and other points in the State. Particular effort will be made 
to develop improved varieties of potatoes and to perfect cultural methods. 
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The rye selection and increase work on the South Manitou Island is in 
its third year. The entire Island is planted to selected Rosen rye, and 
the Island is furnishing an excellent source of high yielding seed. During 
the past two years South Manitou samples have won the first prize in the 
rye class at the International Grain and Hay Show at Chicago. 

Mr. D. F. Rainey, in charge of co-operative field experiments, reports 
the planting of eighteen tests of alfalfa varieties, four wheat variety tests, 
eight oat varietal tests, and four barley tests. 

The local experiments with alfalfa varieties under Mr. Rainey greatly 
aided, at the recent state-wide alfalfa campaigns, in calling attention 1o- 
cally to northern grown seed, particularly the Grimm, and also the value 
of home-grown Michigan seed from hardy yarieties. 

The crops work at the Upper Peninsula Sub-station is now on a sound 
basis. Mr. G. W. Putnam during his three years of service did work of 
much value, calling attention to crop varieties of proper adaptation, in 
establishing planting dates by careful experiments, and in introducing 
the sunflower crop as a successful silage crop. Mr. H. R. Pettigrove, ap- 
pointed Assistant in Crops, April Ist, is carrying on the major crop 
experiments at the Upper Peninsula initiated by Mr. Putnam, with the 
addition of sugar beet seed production experiments and more extensive 
potato work. 

The work with sugar beets under Mr. Down includes comparative tests 
of seed from leading European sources and home-grown seed, time and 
rate of planting experiments with beets, and seed production investi- 
gations. 

Extensive fibre flax breeding work has been conducted by Mr. R. L. 
Davis of the Bureau of Plant Industry of the United States Department 
of Agriculture. Mr. Davis’ work occupies five and one-half acres of land 
and gives promise of producing excellent seed strains for Michigan’s fibre 
flax industry. 

Members of the Section particularly appreciate the action of the State 
Board of Agriculture in making possible the appointment of four addi- 
tional graduate assistants. Without doubt many new research problems 
can be accomplished with this additional help. 

Mr. George Getman, Field Foreman, has earned the appreciation of all 
members of the Section, engaged in field experimental work, by his excel- 
lent service in accomplishing field operations. 

The number of inquiries received from farmers by mail relating to 
crops questions has greatly increased. Eleven thousand, four hundred 
and eighty first-class letters were written by Experiment Station and 
College workers in the Farm Crops. Department and eight thousand, four 
hundred and seventy-five first-class letters by Extension men in Crops, 
or a total of nineteen thousand, nine hundred and sixty-one letters in 
answer to crops inquiries. In addition a large number of inquiries were 
answered by appropriate bulletins or circulars. 

I particularly appreciate your assistance as Director in making pos- 
sible the advancement of projects of this Section, through the grant- 
ing of additional financial resources and land for experimental purposes. 

Yours respectfully, 
ee OOX: 
Professor of Farm Crops. 
East Lansing, Michigan, June 30, 1922. 
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REPORT OF THE FARM MANAGEMENT SECTION, 


Dean R. S. Shaw, 3 
College. 
Dear Dean Shaw: 


I wish to make the following report for the work of the Farm Manage- 
ment Section of the Experiment Station for the year ending June 30, 1922, 
which work has been under the immediate charge of Mr. F. T. Riddell. 
In approaching a discussion of this work it is well to state briefly the 
farm management problem. 

The 196,000 farmers of Michigan preside over as many independent 
business units, and each one is dependent for his success: 


1. Not only upon his health, thrift, and energy, but 

2. Upon knowing which is the most profitable type of farming 
for his section. 

3. Upon knowing which is the most profitable combination of 
crops, and live stock under the limitation of his capital, and 

4, Upon having usable data to guide him in investment choices. 


As each farm business is a growing organism, changing from year to 
year, and as each farm manager is always approaching a set of experiences 
new to him, the business experiences of other farmers farther advanced up 
the “agricultural ladder” are of inestimable value as a guide. The fact 
then is that a series of progressing conditions are encountered as a farmer 
moves up the “agricultural ladder,” whether he starts as a farm laborer, 
a poorly equipped tenant, the owner of a small encumbered farm or even 
should he be so fortunate as to inherit a well equipped farm free from debt. 


There are three ways of moving along this unfamiliar road: 


1. The manager may move without a guide excepting only such 
guidance as comes from his limited opportunity of observation. 
A percentage of such farmers will fall into expanding lines of 
farming and prosper, those fortunate by inheritance will be 
able to maintain themselves, and still others by sacrificing 
their standard of living will pay out on a modest farm home, 
while many will fail. 

2. The manager may do his own experimenting and investigating. 
While this is the method pursued by established busi- 
ness institutions, it is too costly for so small a business unit 
as a farm and more particularly for a beginning farmer. This 
is attempted, however, by an occasional farmer, who, because 
of the expense involved, usually fails to prosper, and thus 
brings “scientific farming” into disrepute in his community. 

3. The experimenting may be carried on at the Agricultural 
College and may be extended to farmers through the public 
school system, the extension service, and the agricultural 
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press. This is the recognized policy of the older departments 

of the College and it is the policy entered upon by the Depart- 

ment of Farm Management when organized a little over a year 

ago. In the pursuance of this policy the Department set out 

to collect data: 

1. Upon the relative profitableness of the various types of 
farming in Michigan. 

2. Upon the relative profitableness of the various combina- 
tions of crops and live stock within each type. 

3. Upon investment units and the relative returns from in- 
vestment units and the order of investment as the man- 
ager progresses in a financial way. 


As the department was new and practically no data was at hand a 
large experiment station force was necessary, and such a force was most 
generously provided by the Board of Agriculture. Two accounting routes 
were taken over from the Dairy Department and two other routes were 
established. These routes as operated during the year were as follows: 


Number of 
Type of farming. County in which located. Man in charge. Besa 

completed. 
Daryn dees sate ee oes oases Wayne, Morroe:...s.0.2 0. iede4 RSHSPOSty. hot ke oem eek 24. 
Gameraleene aster. se es ne eee Jackson, Shiawassee.............. Os be Munckels.. 2... 202 Sane 23 
Weedente enna .t: maton stot vcoke eae Wena weate secs sah rs ae. eee HSN Chapel on ears casera 24 
IPB AG OE eee ie See oath aes Montcalm, Antrim, Emmet.......| G. E. Culver.................... 20 
PE eaficdl aeecteraters steams ahah ta Seat tera cece etme Ne ars te ac tes, coos Saea coe Pacacee ee erclarareiale teat DERE OTA orate 91 


The dairy route in Wayne county was discontinued at the end of the 
accounting year (April 30, 1922) and a new route started on April 1, 1922 
in the dairy and fruit section of Oceana county, with Mr. D. T. Musselman 
in charge. 

On these routes each farmer is visited once a month, the route man 


arriving in the early afternoon and staying on the farm until the middle 
_ of the next day. At chore time, feed and milk are weighed and the 


farmer is timed as he proceeds with the chores to determine the amount 
of time consumed in caring for each kind of live stock. During the day 
the financial records for the month are checked and posted. Inventories 
are also taken at the beginning and at the end of the year. 

To make the taking of data most effective, monthly conferences of 
route men were held at the College. At these conferences the problems 
of the farm manager were discussed to the end that the data secured would 
be in a form directly usable by farmers and also for classroom teaching. 

In making these studies the work has been carried on under the follow- 
ing projects. 

A study of Farm Management, Farm Accounting and Farm Practices 
on dairy farms in Wayne and Monroe counties in co-operation with 
Dairy Department. 


ol 3] eee 
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A study of Farm Management, Farm Accounting and Farm Practices 
on farms where their major business is feeding beef cattle and sheep in 
cooperation with the Animal Husbandry Department. 

A study of Farm Management, Farm Accounting and Farm Practices ~ 
on farms where major business is potato farming. 

A study of Farm Management, Farm Accounting and Farm Practices 
on farms practicing general farming. 

In the following projects the department is co-operating with other 
departments at their request. 


With Farm Mechanics: 
1. Farm Tractor Investigations. 
2. Drainage Investigation. 
With Entomology: 
1. Costs of Producing Honey. 


The department has also co-operated with the Home Economies Exten- 
sion in a study of comparative cost of living in the city and country. 


PUBLICATIONS. 


During the year the Farm Management Department has published the 
following articles in the Quarterly bulletin: 


Beeb! 1922.) 1921, Potato Costs ... ost seen ee iecke F. T. Riddell 
DinreciCosts on Horsesis ta. oth hs. cet H. M. Eliot 
Noy. 1921. Opportune Time to Sell Farm Crops. .H. B. Killough 
Dairy :(Catilenosts': | css = eager kac weew il ddell 
iW. J. Kurtz 
May 1922. Analysis of Dairy Records ........... F. T. Riddell 
S. J. Brownell 
Bordeaux Use with Profits on Potatoes........ 
Se Paes es eee pyr eae a dane cab bate at aE C. E. Culver 
The Tractor as a Means of Farm Power...... 
Oak Vays ee einai thane is seeee rece eee D. T. Musselman 
E. C. Sauve 
Accounting Records of Beekeepers ...... R. Kelty 


F. T. Riddell 
BULLETIN MANUSCRIPT. 


The manuscript of a bulletin on the Farm Tractor has been prepared 
by this department and the Farm Mechanics Department co-operating. 
The data for this bulletin was gathered partly by the route men from 
tractors owned by the route farmers, but mostly by surveys conducted by 
route men, Mr. Riddell, Mr. H. M. Eliot, and Mr. D. T. Musselman. Mr. 
D. T. Musselman of the Farm Management Department spent his entire 
time from January 1, to April 1, in gathering data and preparing the 
manuscript. 

The manuscript has been approved by a committee and is now in the 
hands of the Director of the Station. The tractor bulletin is the first 
fruit of the study of “units in farm investment,” which study will ulti- 
mately cover all the units in farm investment and farm organization. 

The following data is taken from the tractor bulletin: 


————_— 
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The table below shows the average number of horses released on dif- 
ferent sizes of farms up to 320 acres of cultivated land, beyond which 
there are too few farms reported to give a fair average. 


HORSES USED BEFORE AND AFTER PURCHASE OF TRACTOR 322 TRACTOR FARMS. 


| Average horses. 
Average 
Size of farm in acres cultivated. coe number 
: Before After | reduced. 
purchase purchase 
tractor. tractor. 
BU SCHestOm ENG ane nisi s sare aR nt Pee NER oad Pn 36 4.16 2.60 1.56 
LULU Greet eee ae iNa Vr ame nen nen OTA yk bee 101 4 64 Seo 1.29 
PEE ROAGLER Eee Mery crag. siete Seda eh cs weal etocicincretcaveuena< 82 5.63 3.96 NGG 
LOU ERED DGNEiTeSG.e op AI a Bieri 228 RS RP Ret ee 41 6.43 4.93 1.50 
CUS Dae ee aR a Ae i bi eRe ee rs 22 | 6.50 4 60 1.90 
MABE Soe dan be Bre Een hie poe GOL MCaT DR DEEL ite Doo ROR Ener ni 8.00 Ue? 2.28 
ARs ACRCR ENA vn... cen tras note oe eine meh se das heaces 8 9.86 6.71 3.15 
SPASTUINE ORGS ES BAS Acie SR A Ae ARISSEISE Cone aE oie een ne a 6 9.17 6.17 3.00 
Ota SOLES Mee et se AN is ioc eid Team re es atc woe 2 10.00 6.00 4.00 
(OLE E ED EXORGTE Sy Hate oar UIC sR Minn ne ai a a ae 8 14.00 13.62 .38 


The table below shows the possibility of the farmer adding to his crop 
acreage with the purchase of a tractor. In cases where the farmer is not 
operating to capacity the tractor should enable him to add a considerable 
acreage to the amount he is now working. 

-Group 1 consisted of 16 farms with an average crop acreage of 141.3 
before tractor was purchased, while group 2 comprised 86 farms 
averaging 174.7 acres. The farmers of group 1, changed their power 
factors practically the same as group 2, and in addition increased their 
crop acreage an average of 60.1. The data would indicate that where 
farmers are not operating up to capacity they might reasonably expect 
to operate more land with the purchase of a tractor. 


THE POSSIBILITY OF INCREASING CROP ACREAGE WITH TRACTOR PURCHASE. 


Month's : 
Number of Acreage Horse Size farms 
Group. farms. increased. reduction. as bela in acres. 
UPR Farah atesaxaren tee aac vars ofa ord dhol sho ie sacaparajecmmiaie srarerm speichern 16 60.1 1.6 3.3 201.4 
O38 3 SEBO IGN COURACORE ARE COB COR ICO nent 86 0.0 1.9 3.3 174.7 


The following data were secured on the rate of doing some of the farm 
operations. 
RATE OF DOING WORK WITH TRACTOR 86 FARMS. 


2 bottoms. 3 bottoms. 
Operation. i _ 
te ate 
fume acres per eee acres per 
5 10 hr. day. ; 10 hr. day. 
Eales Wind eee a det ahs Chee cass otha see re reyecdans, chasd nic’ c fottud: dict ite eeemravaee Stoo 65 ovo 21 7.07 
Disciagys. se eve ewes to etre SEARS COR ene nmdtrae secmnn ee 65 17.59 21 23.15 
LEEAIIO} Gale aaah Sh AGS.s OF POE ne Ra CIO ERT Re CREE EIS Cae Ica eae 65 “24.92 21 24 58 
iiitoackani ses ee eect Sey Daas. raisons tics aio ora oteteie Plaeiteleuite 65 23.71 21 25.49 


TG HG oe iiacion © ROBO OOGOS EE OnE EDR CCE OEE ta Canes 65 16.20 13 15.00 
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The tractor operator was asked his repair costs for the last year only. 
These were grouped into systems. Two hundred forty-eight tractor op- 
erators answered the question on cost of repairs. The following table 
shows the increase in the cost of repairs for the first four years. It will 
be seen that the cost of repairs tends to increase each year. The last 
column shows the number of hours the operator spent on repair work. 
The costs included the expert labor for the different years. 


. 


REPAIR COSTS ON TRACTORS FOR DIFFERENT YEARS. 


Hours 
Number Cost of Increase ’ 
Year. reporting. repairs. in cost. aa E 
1 bs So ISR ee Moe SSSR ics Seg RGR Sa Rae atl chs Ee eet 111 SIQUSHR Cea ene 4.5 
Dis RE Ra's cb iE s MAE ICLG GS AIMs ome ole begeitea,& Bele ae e ee Toes oe ee 61 36 16 $16 30 10.04 
eM tats tc sa ake Orctterftt irate eet LAURE eth ie Beattcednc ails Shed eh ann ee 49 47 50 11 34 8.9 
Bie Fee mnie Novels Get apie. cte oie Ste Beye) Roos iodine eo cie rare es ake aie ae elteraicle axe 27 54 63 (fe 12.9 
FUEL AND GREASE COSTS PER DAY. 
2 Amount Total cost 
Fuel used. Gallons. Price. Cost. grease Price. Cost. per 10-hr. — 
pounds. day. 
Gasolene 82-5 =s8 sas 13.9 $0 25 $3 48 6 $0 19 $0 11 $3 59 
Kerosenetes: certawncaes 17-5 .126 2 21 6 : 19 11 2.32 


The following table is a summary of the cost of keeping 245 horses on 
46 farms in J ackson, Shiawassee and Lenawee counties for the year end- 
ing March 31, 1922. The prices are figured at local market price each 
month. 


‘ 


AVERAGE DIRECT COST,ON 1 HORSE FOR 1 YEAR—1921-1922. 


Item. Quantity. Value. 

Oateiedeeces. ante 1,385 lbs. $13 74 
Wome aeee 848 Ibs. 7 63 
Barley, bran, et ee 52 lbs. 28 
12 ES i eee eee earn 6,615 Ibs. 30 86 
Straw, silage, stover. 987 Ibs. 1 80 
Pasture 7.4 wks. 2 80 
E72 i an, SC RETR R EIEN AR aT) cy NEL TAR AON A Cid | Ok eee 1,348 Ibs. 2 91 
Netidepreciation (on horses). A Sok ofa a een ne ie orate incieeae con bce eee ac eee Reet 10 69 
Depreciation! oniequipment: .. z sizes, Hoc cimece Mele ve etcle opera eine ae iste eee ane aye io eis bic,c els cra oaseta solicit te einen 2 92 
MascellancousiCOBte:, <c/a~../-.c.ccca «, noveotors etoile Soe Mechelen ele eee eee ae aero stale a cleo oie 6 loemee mee eee 3 08 

Mota) Mirch Combe. oc. Nac aac aerate SEEN OSE a he Reet eee a eS ate setae ene oud psa Cite | ee eee $76 71 

I Etch ai ar ce aera sian ca iran t a MPa Aker tet eb ar Rar imho AE Se Rae Reto | [ato 9 o2 COP COREE 12 00 

(Cr At OW ¢ 51) Wl 10) 52) pea See SOB Gt Oc hic eac oHO LT ADOSe DOGO CE. Lat ac OCU DC COC Een sa Oand canseocans $64 71 


The following are average money yield, direct costs, and net returns 
on 254 cows on 23 farms in Jackson and Shiawassee counties for the 
twelve months ending March 31, 1922. The data was gathered by O. E. 
Dunckel on the general farming route: 
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Average for 1 cow for 1 year, year ending April 1, 1922. 


ENTERPRISE YIELDS. 


Items Amount Value 
11) FSP Is Oe Raa a hs ee he 1139 Ibs. $ 27.03 
eitber bat Olds. 2 oc es Fe 185 lbs. 87.90 
Milk qsedian home. 26. 2s ae Sl 6: 202 Ibs. 4.00 
Lasee Sat sre ot 08 See 343 Ibs. = 
Milk fed to live stock (whole) ..:. 3415 Ibs. 14.56 
miner nsed iim homes eos c.s 2... 6.4 lbs. 2.63 
Nea USeEd LM HOMEC woes. keke le ws 2D 
Miscellaneous receipts ........... 1.32 
RAIMI Se) yO IS EONS ie Ss as 8.4 tons 16.76 
Total Milk Production ...... 6247 lbs. 
Mater Micldahen Cowes aes s+ Seon So ek eee ee a ee pL OD 


DIRECT COSTS. 


Items Amount Value 
CTT CTT SY SCR EN EN AD e ad ee 492 Ibs. $ 5.23 
RR ee eis teas, ener RAIS cn 687 Ibs. 8.03 
VAAN A adnan 8 Ibs 13 
PAE iene 2 20a tea Maca Gehe Gs gies he Sees ale 4 lbs. 04 
ERIN, wate PINS aN ak watt ie ce ie 87 Ibs. 95 
LENG ht kag ge 5 Ibs. 08 
1 SATE Ta Fagebhagiie nga Te Sig Sata? Oia wi 126 Ibs. 1.60 
(GTI hil Peles a aes ane ie A 69 Ibs. 1.84 
ColnonsSeed? Meal. x35 cosas 44. 142 Ibs. 3.02 
Miscellaneous Dairy Feed ......... 47 lbs. 90 
hisiaiier omanms os tae ore oh ees 5 » Ibs. O1 
SET UNGEN ee Mee ls Warp; eS e ais ce oan 19 Ibs. 28 
15°16 HUTS) Siena he ith eh SDs aN Se cae Ibs. OL 
GCI Peto s due etek ets talelsaas 9 Ibs. 02 
SMUT ch. Cornea Shere oe yaa Sie Sere av ae ems 816 Ibs. 4.35 
I cece Eten share ate 4 Gann Coastal 0 aces 803. Lbs. 3.05 
RSEORWIE parescuee ahs Ware Crean iets ince lai a whe 821 Ibs. 1.94 
oid E10 = eee hea Pee ar gre Ae a Pa 7368 Ibs. 13.22 
Bu Iea Woh ae ae eb chante bane s << ee vere gcOd 65 Ibs. alg, 
| E77 Pel 2c 070 (Te PO eae Pea Sree 97 bs. 24. 
EES UDEES esc teBehes one aa een ansehen aes ee 23.2 wks. 1.3 
COO ECDs Rate aeeareae «rans 250 Ibs. 63 

Total Feed and Bedding Costs ................. $54.04 

Direct Costs: of Haulitie Milk. 82.) Sy ee fe 3.80 
MAScellareoms EP MDENNG. hs + etre toe cette ere rye ote viet ate et 4.48 
SNP emi laches te eee ete a te: antes Mate connote We late 02 lores 02 
Net Mepreciation on? Gattles se. t, Pe ae ely os 5.81 
Equipment depreciation ........ cma anaes 1.65 

otal Direct Cost 2 ces ae ee 20s NRE 5 8 AAG EO SD 


Wen henuene Per Cone. fo. cecc cies oe oe Pee Se en pee 
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The following table gives money yields, direct costs, and net returns 
of poultry on thirty-nine farms in Lenawee, Jackson, and Shiawassee 
counties for the twelve months ending on March 31, 1922. The total 
number of hens were 4595 averaging 118 to the farm, and 1922 chickens 
were raised or 116 to the farm. 


ENTERPRISE RECORD ON POULTRY. 
DIRECT COSTS. 


Total. Average per farm. 
Items. 2 

Amount. Cost. Amcunt. Cost. 
Oth y es nen tS eR ieee he, i BEI Le AE baa Ete CRI Ne Ea A 100,145 Ibs. $968 34 | 2,568 Ibs. $24 83 
ADAP RON Age, feyfeen MRT ae coe Pe ais URL er na ee NO IY See 41,176 lbs. 409 35 1,056 lbs. 10 50 
Wheat s5 Ate sac Bone ethane oe CI Oe re et are eee 41,506 Ibs. 466 27 1,064 lbs. 11 96 
Ld Ch Ree Bp a IGE eee tanta eter cone me coke s tee Eade 13,792 Ibs. 176 O01 354 Ibs. 4 51 
Mincellaneous feeds: s.554 ect nr een ase ee ee 31,798 lbs. 464 45 815 Ibs. 11 91 
RSUURIEOD ere ae co to RIE ot tgs RR CoS Se ee 5,896 lbs. 11 29 151 lbs. 29 
PKI INU ee yee otiets Soe Oa w Ia eee eC Oe ook HR Ee ee ee 44,130 Ibs. 117° 12 15132 Abs 3 00 
Ppultry.net/decreaset: 353 20s back 2 ciGasles co nae Fone ele eee en Cen; 432 ORF It a he eee 11 10 
Mquipment; Neb Geercase M255 4. ci eae as cee eee ete once ee oO enemas 48100), | htsosrernete _ 128 
PpScisl labor g Paso ape hash ake 5A AAO tee sale crete ee | Se. rifle Wel Hebets ae 5e 1 98 
Miscellaneouss< 25 52.fa- Fe oo erences TR roe Perio neiona Leet | eae NS 80 BE ance cee 2 06 
Votalidirect costs ces. cc eee cece eee te eee tens ee ee Eee $3295 1 AOU be eee cn oe oe $83 37 

MONEY YIELDS. 
Total. | Average per farm, 
Items. 

Amount. Cost. | Amount. Cost. 
Ip orpallomice remand cs ts kien ene Re ae ieee ae ck 17,653 doz. | $4,905 70 | 453 doz. $125 80 
Hepator NOMEIse Noes | Seen acts eLeTe ete aces ee ROR Ee aera 8,305 doz. 2,200 42 213 doz. 56 42 
Neat tor homerlisese atch. totes heare oes kaon: Cee ae ea Nn 3,889 Ibs. 859 74 100 Ibs. 22 04 
Poultry} Meb In Cresese misc iciss sok one beets cote ete ere ell epee eee 9.787 Mapes ae Mee 71 47 
ily ETAT oat and ements Sect ay MMe ae ae pyar aks Care Pye ie 153.3 ton 306 60 | 3.93 ton 7 86 
Mascellaneousst: 4.42 Savills coon on ont ho eee oe ah ob pee ell La Ce ee DA 15} Ul te See eae ere 06 
Total moneyeyield ss 2.. OSes eee eke eee eee SEO eee S11 OG 2S eee $283 65 
BITE ENDFISG TEbUENB  < cician ys lee oleic ke lee aoe eek eee | Ba Rd 87 SUMO A ne es ee $200 28 


One of the striking facts of poultry management brought out by the 
study of these flocks was the effect of protein feeds upon both egg: pro- 
duction and net returns per hen. ; 

The average production per hen on eleven farms feeding either tankage 
or skimmed milk was 96.8 eggs per year. On the other hand, the average 
egg production per hen on the twenty-five farms not feeding either tank- 
age or milk was only 54.8 eggs per year. The net return per hen in the 
first case was $2.59 and in the secgnd $1.28, or an added expenditure of 
twenty cents per bird for the animal protein increased the annual profits 
$1.30 per hen, or a little more than doubled it. 
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UNPUBLISHED DATA, 


The management of farms in the Detroit whole milk area has been 
a subject of intensive study since the department was organized, and 
preceding that time the Dairy Department had carried on- route work 
for two years on 50 farms to determine the cost of producing market 
milk for Detroit. There are, therefore, three years of unpublished data 
covering the farming section of the State commonly known as the Detroit 
Milk Area. This data is now being prepared for publication. 

There is also a year’s record completed on each of 67 farms on three 
other types of farming ; namely, general farming in Central Michigan, 
potato farming in the northern part of the State, and feeder farming in 
the southern portion. These records were completed in April and are 
now in the process of compilation. 

An extended study has also been made of units in farm inyestment 
with the purpose of working out basic facts that farmers may use in 
arriving at conclusions about investments with which they have had little 
or no experience. 

An amount of data for the use of high school teachers of Agriculture in 
teaching farm accounting has been assembled, mimeographed, and dis- 
tributed to a group of such teachers. This work has been done in co-oper- 
ation with Mr. E. EK. Gallup, State Supervisor of Agricultural Instruc fot 

A limited survey of Farmer’s Mutual Insurance Companies has been 
made during the year by Mr. D. T. Musselman. 

Respectfully submitted, 
HOWARD M. ELIOT, 
Professor of Farm Management. 
Fast Lansing, Michigan, June 30, 1922. 


REPORT OF THE FARM MECHANICS SECTION. 


Director R. S. Shaw, 
College. 
Dear Sir: 


Following is a report of the experimental and investigational work of 
the Farm Mechanics Section for the year 1921-22. 

The work of this Section is reported under three major groups of work. 
Farm Buildings and Conveniences, Farm and Power Machinery, and 
Drainage and Land Clearing. 

Increased interest in building within the last six months has brought 
new angles on the building pr oblem. Mr. Pogle has continued the study 
of barn. plans and had hoped to have them ready for publication before 
this. Study of potato and root storage warehouses was begun two years 
ago. The last year there has been considerable demand for “this material. 
When potatoes are stored in large quantities the need of some means of 
control of temperature and humidity of the air has become apparent. 
Insulation of the building and control of the air movement within seem 
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to be the prime factors. Some time has been given to this problem, 
principally observing conditions in houses now in use. Considerable study 
should be given to this problem by making studies of house construction 
and ventilation systems throughout the winter season. It is hoped that 
a way may be found to do this work adequately. 

A number of projects have been carried through in designing buildings 
to meet special requirements. While those do not contribute much in the 
way of scientific data they must be considered as problems and their 
successful working out as contributing in a cumulative way to good 
building practice. 

In Power Machinery the studies of costs in co- operation with the Farm 
Management Department gathered from over 300 owners of tractors 
have been completed. 

Some tests of new machines have been made. One of these a rotary 
distributor lime sower has shown disappointing results when used in 
a medium to high wind. The other was a rotary gear pump sprayer which 
bids fair to modify spraying practice if successful. Tests with this 
pump showed good volume and pressure in delivery, but the spray ma- 
terials apparently seemed to interfere with the, action of the pump. 
Changes and improvements are being made in its design which may alter 
its performance. 

We have considered tests of a windmill driven electric generating plant 
now on the market but have not completed arrangements for the instal- 
lation of the plant. 

A tractor mower attachment has been used on the farm successfully this 
year for the first time, the tractor being used for mowing, raking and 
tedding. A second tractor was used for drawing the wagon and loader. 
Two teams were kept on the road hauling and one at the barn operating 
the hoisting rigging. 

A simple lime and marl distributor has also been developed. This 
machine which can easily be built by the farmer or local mechanic at a 
cost not to exceed $20 makes it possible for the man who wishes to try 
a few acres of lime or marl to do so at a permissible cost for spreading 
equipment. 

In drainage little has been accomplished because no one has been in 
position to concentrate on this problem. The Extension Specialist has 
given some time to Experiment Station work in installing test wells on 
the demonstration plots in St. Clair County for determining water levels 
in the soil. Sample tile have been tested from all the factories except 
three in Michigan. According to standards adapted by the American 
Society of Testing Materials, Michigan tile could be improved in several 
respects. 

The Land Clearing specialist has been taking observations on methods 
of clearing land. . One phase of this problem of particular interest to the 
settler from out of the state is the utilization of material at hand on the 
land for buildings, fences, gates and various other devices. This material 
is being gatherd for use as soon as it can be classified and proven of value. 

The mechanical and engineering problems on the farm are of endless 
variety. They are small in their individual applications but gigantic 
in the aggregate. 

Teaching, conferences, and correspondence have robbed men on the 
College and Experiment Station staff of too much time to give sufficient 
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time to research work. Some means must be found to give investigation 
the attention it deserves. 

It is hoped that in the near future that it may be possible to concen- 
trate on building and drainage problems to a greater degree. 

Yours respectfully, 
H. H. MUSSELMAN, 
Professor of Farm Mechanics. 

Hast Lansing, Michigan, June 30, 1922. 


REPORT OF THE SECTION OF FORESTRY. 


Dean R. S. Shaw, Director, 
Agricultural Experiment Station, 
Kast Lansing, Michigan. 
Dear Dean Shaw: 


I herewith submit a brief report of the work of the Section of Forestry 
for the year ending June 30, 1922. 

The experimental work on sap flow in the College sugar bush was con- 
tinued, and records were also kept of all costs and amount of fuel used 
per gallon of syrup made. 

The study of second growth hardwoods on cut-over lands in the north- 
ern part of the State was continued. Where fires have not occurred a 
valuable stand of second growth timber is usually coming up and there 
is often no necessity for planting in order to obtain ‘a new forest. Meth- 
ods of handling these lands so as to obtain natural forest reproduction 
are being studied. A considerable number of sample plots have been 
‘taken and separate studies made of the height and diameter growth of 
trees and the growth in volume of timber per acre. Much of this work 
has been carried on in connection with the summer forestry camp. It 
is hoped to complete the study during the coming year. 

The experimental basket willow plantation at Spring Lake has been in 
operation for six years. Record is kept of expenses and profits. It has 
been showing a profit for the last few years. 

A study of returns that may be expected from thinnings in woodlots in 
the southern part of the State has just been started. This study will 
include effects of over-pasturing and methods of rejuy enating deteriorat- 
ed woodlots. Woodlots can play an important part in timber produc- 
tion owing to the fact that they are as a rule located on better soil than 
other classes of forest and their rate of growth may be greatly stimulated 
by proper thinnings. 

A considerable number of new species have been added to the plot set 
aside in the forest nursery for foreign trees. We are trying to find trees 
that will be hardy on the sand dunes of the State and which are immune 
to certain diseases and insects. 

A number of minor projects were also carried on during the year, such 


bo 
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as methods of preventing damping off of coniferous seedlings and studies 
in reducing transplanting losses. 
Respectfully sumbitted, 
A. K. CHITTENDEN, 
Forester. 
East Lansing, Michigan, June 50, 1922. 


REPORT OF THE HORTICULTURAL SECTION. 


Director R. S. Shaw, 
Dear Sir: 


The following is a brief report of the experimental work of this section 
for the year ending July 1, 1922. 

The investigational work has been concerned largely with such lines of 
work as have been previously reported. With many of them the work 
has progressed very satisfactorily but, being long-termed experiments, 
there is nothing special to report at the present time. 

Some very satisfactory results were obtained the past year in the 
spraying and dusting experiments under Mr. W. C. Dutton. The results 
of this work have been published in Special Bulletin No. 115, and have 
also been incorporated in the recommendations of the Section in the 
new edition of the Spray and Practice Outline, Special Bulletin No. 114, 
published in co-operation with the Entomological and Botanical Sections. 

During the past year a revised edition of the bulletin on Raspberry 
Culture was published as Circular Bulletin No. 37. 

The increasing scarcity of stable manures, the increased cost of labor 
and the presence in the fruit sections of Michigan of many acres of land 
too rough and hilly for cultivation make the problem of producing fruit 
on some system other than the cultivation system, of pressing import- 
ance. Hence a summary report of progress of the work in this is of 
interest to the growers 


CULTURAL PROJECT WITH YOUNG APPLE TREES 


Object: To compare the effect of various systems of culture for growing 
young apple trees in regard to growth and earliness of bearing. 

The orchard used in this experiment is known as Blocks X and XI on 
the Graham Horticultural Experiment Station. The trees are of six 
varieties planted in groups of four rows each: Duchess, Grimes, Baldwin, 
Stayman, Spy, Rhode Island Greening. 

A cover crop of rye was planted in each of the five plots in this experi- 
ment during July of 1919, the year that the orchard was set. In the 
spring of 1920 it was plowed under about blossoming time and kept 
dragged every two or three weeks during the growing season. 

About the middle of July a cover crop of clover was sown in Plots 1 
and 2, and alfalfa in Plots 3,4 and 5. A very good stand of alfalfa was 
obtained, but the catch of clover was poor. Plot 2 was re-seeded to clover 
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on a late snow in the spring of 1921, with a good stand as a result. How- 
ever there was not sufficient growth made to justify removing it when the 
clover was mowed in June. 

In March 1921 a straw mulch was placed around each tree in Plots 
2 and 5. The straw was applied in a circle six to eight feet in diameter 
and about six inches deep. Plot 1 was plowed May 18, 1921, and dragged 
five times during the growing season. July 29 a cover crop of rye and 
vetch was sown. . 

The alfalfa in Plots 3, 4 and 5 were clipped three times during the 
year. All three clippings were removed from Plot 3. The first clippings 
from Plot 4 and 5 were placed around the trees as a mulch. The second 
and third clippings were removed as a hay crop. 

An application of one-half pound of nitrate of soda per tree was ap- 
plied to each tree in Plot 5. 

The following is the cost of each individual plot, beginning in March, 
1921. Labor costs are calculated at $0.50 per hour for man labor and 
$.60 per hour for man and team. 


Plot 1 (120 Trees): Clean Culture with Clover Crop 


caper mat he SNe te ee Ele ue Wo: oS SUnOGD 
Ont ave anaty VEUCI. cs) eid k Ahataeticms aaah 2.00 
Total CONeOR WlOte? bias h ood wae ces Pky, ey 1108 
Cust per iairaual trees iss ls eee EL O91 
Plot 2 (120 trees): Clover with Straw Mulch 
304150' lbs, Baled. straw at $0:60°.. 0.0. 2.0.2... <.8)18:00 
aA i Pobewoll es eae <e, 2(e oap ee | de 60 
Simiw—_one toad @ 7:00) Pos ch a deena eae 7.00 
Wire screens placed around trees ............ 3.60 
REA heet Seam tay sav me icteedius bt Sa tecart teh bh nays 3.09 
Pata wCOsir Oe IAG “hoe eo d 2s rehaa ls ONS 32.95 
Gost per individual tree. 2. . .). 2). alee es 213 
Plot 5 (96 trees): Alfalfa with Straw Mulch 
2A AD-lpe Dales SELAW At OOO Bcescjegecns ccepersedens aoa, 14.40 
Soraya: Whoa. (a oO) LS) ao. ate ke erste Pst 5.500 
Wire'screen iplaced.around trees............... 2.88 
A NEE eainw es Rth cee Pe? tyalct e850 aa washed seers Gib lovendes 10.20 
Ota eG CeO POH, Nic es Slee nas aie tS eins 0] hays SADR 
Oyo: at cS aru aT 8 ric WS Gey ea a Oo 
Value of alfalfa removed 2500 Ibs. @ $25 T.....$ 31.25 


Value of alfalfa removed 500 Ibs. @ $25 T..... 6.25 
Value of alfalfa removed 2000 lbs. @ $25 T..... 25.00 


Total value of alfalfa remoyed ............% 62.50 


Reta ecomta Oe PLOT... e ce mater es st < Saye 32.98 
PEG PLONE... <2) ss Steere athe raat aa a a pen Looe 


Plot 4 (96 trees): Alfalfa with Alfalfa Mulch, the Second and 
Third Clippings being Removed from the Plot. 
- Labor, mowing, raking, cocking, hauling ......$ 6.00 
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Wire screen placed around trees.......... 5 Ne 2.88 
otal cost Gf: Plot os. wh ete aces eee $ 8.88 
Cost, perjanpividual, Aree pees ten ges 093 


Value of alfalfa removed 500 Ibs. at $25 T....$ 6.25 
Value of alfalfa removed 1500 Ibs. at $25 T.... 18.75 


Total value of alfalfa removed ............$ 25.00 
otal costpole PLO ti... aseeiebiewe kos ese 8.88 
Bul ey 6 bc 18 et no 8 va Te 8S 8G Se IE 


Plot 5 (72 trees): with Alfalfa Mulch—Nitrate of Soda Applied 
upon the Mulch—the Second and Third Clippings Being 
Removed from the Plot. 

\%4 |b. Nitrate Soda applied per tree at 4%c Ib...$ 8 


Similar application 18 days later ............. 81 
Wire screens placed around trees ............- 16 


9 
Labor—mowing, raking, cocking, hauling, ete.. 5.10 


Dotal: cost) of RIOt tems. <<. scence eee eee 
Cost. permindividualaree: <<... 02... eR. Ae 123 


Value of alfalfa removed 500 lbs. at $25 T....§ 
Value of alfalfa removed 1000 Ibs. at $25 T.... 12.50 


Total value of alfalfa removed ...........% 18.75 


Totals cost Of plotigaee ssi.’ 22) Uy eee ena 8.88 
Net; profit 42a 32e cic. s « . oo eee eee ned 


Excellent results have been obtained in the several fertilizer experi-- 
ments on tree fruits as carried on in several parts of the State. Detailed 
results of the experiment in the Farrand orchard have already been pub- 
lished in the Quarterly Bulletin, February 1922, and the results of the 
many orchards in co-operation with the County Agents have been pub- 
lished in the mid-winter report of the Michigan State Horticultural 
Society, 1921, and in the papers published by the County Agents. 

New projects have been started in breedng, testing and cultural ex- 
periments with small fruits on a new ten acre plot leased at South 
Haven. Also on the work of establishing a source of disease-free rasp- 
berry plants in Michigan. 

The necessity of pre-cooling cherries and small fruits for distant ship- 
ping led to the construction the last spring ef pre-cooling plants. This 
being an essential but new venture for the growers it became necessary 
for this Section to lend its services in making a success of this prac- 
tice and in obtaining data on these shipments for future guidance. 

Respectfully submitted, 
C. P. HALLIGAN, 
Horticulturist. 
Bast Lansing, Michigan, June 30, 1922. 
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REPORT OF POULTRY SECTION. 


Director, R. S. Shaw, 
Hast Lansing, Michigan. 
Dear Sir: 


I herewith submit a brief report of the work of the Section of Poultry 
Husbandry for the year ending June 30th, 1922. 

The inadequacy of the housing facilities for pedigree breeding work 
greatly hampers our efforts in securing accurate and extensive data on the 
important problems of “Inheritance of Higher Fecundity and the Mode of 
Transmission.” 

A great diversity of opinion is found on this subject among the dif- 
ferent poultry authorities. 

Our experiments which of necessity are limited and require a further 
pursuit of the subject, leads us to make the following deductions : 

(1) A mendelian interpretation cannot be applied to the Inheritance 
of Higher Fecundity because this character is neither “dominant” or 
“recessive”. The mating of all high or low production will produce 
neither all high or all low. 

(2) High fecundity is not a sex limited character, but may be trans- 
mitted directly to the offspring from either Sire or Dam. 

(5) Early maturity is correlated with high fecundity and is usually 
influenced to a greater degree by the Sire than by the Dam. Extreme 
precociousness is not, however, a safe criterion of individual laying 
ability. 

Pullet No. 2687 established a new record for early maturity by laying 
at the age of three months and twelve days. Valuable information will 
undoubtedly be available, after a further study of this particular pullet 
and her pen sisters. 

(4) High egg production is always associated with constitutional vigor 
and does not appear to be a unit character. Individual breeding qualities 
differ, as is shown by the progeny test. 

Experiments are being conducted jointly with the Bacteriology. Sec- 
tion on Bacillary White Diarrhea. This disease causes enormous losses 
among young chicks each year and steps are being taken in Michigan to 
produce and maintain stock free of this infection. 

I. To determine whether males may becomes infected and in turn in- 
fect females: 

(a) Avenue of infection of males. 
(b) Localization of infection in males. 
(ce) Mode of dissemination of Bact. pullorum by males. 

Il. To determine influence of feeding and environment on the resist- 
ance of healthy and infected birds. 

III. To determine relation between hens showing diseased ovaries to 
those reacting to the agglutination test for white diarrhea. 

IV. (a) The intradermal test as a means of detecting infected birds. 

(b) Comparison between intradermal and agglutination tests. 
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V. On the possibility of detecting infected eggs. 
This experiment is being continued with very encouraging results. 
Respectfully submitted, 
Kk. C. FOREMAN, 
Poultryman. 
East Lansing, Michigan, June 30, 1922. 


REPORT OF THE SOILS SECTION. 


Dean R. S. Shaw: 


It is again with pleasure that I submit to you the report of some of 
the accomplishments of,the Soils Section of the Experiment Station, 

At the close of the fiscal year there were fifty co-operative upland soil 
improvement projects and twenty muck experimental tracts. In addi- 
tion the forty acre fertiliy field at Mancelona was laid out. At the latter 
Station it is proposed to investigate and to demonstrate the best methods 
for the management of that type of soil. Alfalfa and sweet clover and 
soy beans are to be used in rotation of different lengths. The value of 
lime and green manure, different carriers of phosphorus and potassium 
are to be determined. It is our desire, and in fact our plans call for 
such, to establish at least one half dozen of these fields on different types 
of soil and under diverse climatic conditions. We have always steadfastly 
maintained that owing to the diversity of soil and climate in the State 
it is essential that this procedure be followed. The people of the State 
are desirous of this work being done and we trust that we shall be able 
to zecomplish this as speedily as is practicable. 

The results from our co-operative projects on the whole are satisfactory. 
This method enables us to obtain a large amount of information and dis- 
pense it with very little cost to the organization. The success may be 
measured somewhat by requests that we receive for the establishment of 
additional work. In fact these are so numerous that we can not fulfill 
more than a small percentage of them. 

The salient features that have been brought out by such endeayors may 
be presented in a few statements. It should be noted that the success of 
this work is due in a large measure to G. M. Grantham. Where acid 
phosphate has been used on many plots laid out in the heavy upland 
soils the increase in the yield of wheat has been such that desirable 
profits have been obtained. Nitrates have not paid when used on heavier 
soils except in a few instances. Neither has potash proved to be profitable 
ander existing conditions on such lands yet with the lower prices there 
may be a place for it under some conditions. On the other hand in the case 
of sandy soils nitrates have yielded good profits and the use of potash has 
eenerally paid where clover and alfalfa were seeded in the grain. On 
the other hand acid phosphate has been disappointing on such lands in 
the absence of nitrates or unless accompanied by stable manure. In 
other words the chief limiting factor in these soils is nitrogen rather 
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than phosphorus and until this condition is corrected phosphorus does 
not bring results. 

In our comparisons of the value of 16% acid phosphate, the 45% or 
Anaconda phosphate and raw rock phosphate respectively, the former or 
16% acid phosphate has proved to be superior up to date. In two cases 
out of the many the rock phosphate has been profitable. On the basis 
of the results we have obtained thus far, rock phosphate is not promising 
on the majority of Michigan farms. 

Lime is the keystone in the successful production of alfalfa and sweet 
clover and is needed on many fields for the satisfactory production of 
June and Mammoth clover. By the liberal use of lime and the proper 

amounts of acid phosphate and potash we have been able to establish 

satisfactory alfalfa seedings in oats and wheat, where the soil has been 
previously limed. Soil preparation for such practices will govern very 
largely the acreage of land seeded to alfalfa. From the soil building 
standpoint it is not sufficient to grow alfalfa on the same land over a 
long period of years. If it is to be used in this capacity it must be /in 
the rotation and that without the loss of a crop the year it is seeded. 

The great increase in acreage of alfalfa in Michigan has been brought 
about in the main through the use of lime or by correcting the existing 
soil conditions. We have emphasized this point through our lectures, 
bulletins and newspaper publicity for more than six years. The attitude 
of the county agent toward the matter of liming the soil for alfalfa is 
largely responsible for the present acreage of this crop. 

The six years’ results from the use of lime on the Cass County fertility 
field are given below. 


SWEET CLOVER. 


Hertaliaerianh byverated hme, 2960/Ibs sists jisc tee etch co Pe eco nl eel eee! 6,640 lbs. green weight 
EGU RC REA NCNITAT 14° DOOM ete edn ts oper eat eh aah ie Sly go Ra ey Bd a oe ene IS Le 5,840 lbs. green weight 
Roruizer ana(s0 mesh) inmestone: 4,000) Ibs =o St at ee acc ete. 4,280 lbs. green weight 
Hertiimer ang: (40-G01nch) limestone.:4 O00 Ibait ss... hese ce hoe oa cece be emits eeee sees 3,280 lbs. green weight 
Herilmerand (10-20 Inch)! limestone; 4.000 Ibss.. 25... cio -2 cade tcec ctoedevccteideeekess cee 3,440 Ibs. green weight 


It should be noted that in earlier years of the experiment the finely 
ground limestone was superior to the somewhat coarser materials. This 
season, however, the latter are showing up better. The hydrate has been 
quite effective throughout the period of experimentation. These and 
other experiments of similar nature are to be continued inasmuch as an 
important economic question is herein involved. 

Another point that our fertility work has brought out is that superior 
varieties of grain are severely handicapped when placed on infertile 
soils and in fact remain so a relatively short time under such conditions. 
Where certified Rosen rye and Red Rock wheat respectively were used 
in certain places the results obtained with and without fertilizers were 
as follows: 
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FERTILIZER ON BEST VARIETIES—CASS COUNTY. 


Treatment. Red Rock | Rosen rye. 
wheat. rye. 
Bu. Bu. 
Check’. ck . 385 32 ZR Re FST E IE reas Be atest Caterer hale URE cc alphe te hale Me Laiehs 3.46 12.0 
TaAMeStONG soi. 5 5s diz'sidsc sia 5s iafels weeerg io Mele wsare toile ole = of bieie nie ela le eiae ee Ieee iairaes ts kee crate 8.25 18.24 
BSNS ae She SR ee RS De DT ee Sb ak See RENO nea a Fate else ne Ne 23 .2 28.66 


These results are in line with those obtained by Dr. Hopkins by means 
of a questionnaire sent to workers in different countries. 

A. D. Hall, Director of the Rothamsted Experiment Station, Harpen- 
den, England, states that “The direct factor for increase of wheat at the 
Rothamsted Experiment Station has been the introduction of fertilizers 
and purchased feeding stuffs. Improved seed does not count for very 
much. We still grow a good many varieties that were known years ago 
and’ they are still among the good if not the best yielders. I should not 
put down more than 10% of the increase to the new varieties.” 

von Seelhorst states “In some cases the yield has been increased two 
and one-half to three fold. In general I assume that of the 100% in- 
crease in the yield 50% can be attributed to artificial fertilizers, and to 
the use of better seed 15%. The remainder can be attributed to better 
crop rotation and tillage operations.” 

Schneidewind of the Agricultural Experiment Station, Halle, A. S., 
Germany, states, “The greatly increased yields which we are now pro- 
ducing in Germany, of our different grain crops, are dependent upon all 
of the four factors you have named. Of these factors, however, the use 
of fertilizers takes first rank very decidedly in increasing the crop yields.” 

The Minister of Agriculture of the Republic of France, Paris, states 
that.the value of approximate figures representing, as near as can be de- 
termined, the relative importance of the different factors in increased 
production is as follows: 


Farm Manure and commercial fertilizers .......... 50% 
Better preparation of land ................ BRT Be 30% 
Selection of seed and improved varieties............ 15 to 20% 


Gerlach of Bromberg, Germany, states that according to his views 
each of the four factors set forth has had an essential part in 
effecting the total increase in yield. He attributes the largest share to 
the influence of systematically selected higher yielding varieties. The 
extension and discriminating use of artificial fertilizer has likewise 
contributed to the increase in yield. 

Wagner of Darmstadt, Germany, states, “It is difficult to say which 
factors have contributed most to increase the yields. If one surveys the 
last 40 years, it can be well said that the increased yield of the first 20 
years was produced especially by the use of fertilizers, but during the 
last 20 years we recognize also the influence of other factors, which in 
connection with the ever increasing use of artificial fertilizers have 
resulted in raising year by year the average crop yields.” 

The investigations on muck soils have been very satisfactory. The 
chief features of this work are, as reported by Dr. Paul M. Harmer, given 
below. 
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“The work conducted with muck soils may be divided into three 
phases,—fertilizer projects, cultural experiments and laboratory analyses. 
Experimental work with fertilizers on all crops has emphasized the need 
of fertilization for improvement of crop yields, both in quantity and in 
quality. Cultural experiments have shown the need of heavy rolling of 
muck soils for improvement of structure and increase of water-holding 
capacity. Analyses have shown a wide variation in Michigan mucks in 
chemical composition and in power to absorb and retain fertilizers. , 

The most significant thing in the results of ‘the fertility work is the fact 
that different mucks vary considerably in their fertilizer needs. In prac- 
tically all areas on which plot work was conducted, potash fertilizer was 
most important in stimulating growth, new or recently burned fields being 
the only exceptions. Phosphate fertilizer has shown considerable benefit 
on some but none on others. Nitrate has been beneficial in only a few 
cases. While farm manure has in the past been considered superior to 
commercial fertilizers both for general and truck farming, the opposite 
has been found true in most cases. This is important in that it permits 
the use of the manure on the upland soils where it is greatly needed. 

Fourteen projects varying from one to seven acres in extent are being 
conducted during the present season, these projects being located in 
thirteen different counties. Tests to determine both the kinds of fer- 
tilizers needed and the rates of application for optimum returns, are 
being carried on with a number of general farm crops. Results represen- 
tative of these obtained during 1921 are presented in tables A and B. 


TABLE A—EFFECTS CF FERTILIZERS ON SUGAR BEETS CN MUCK 


—_ 


| 
Yield tons per acre. | | 2 
| A | sugar 
Treatment. | Percentage | pounds pe conor 
SUBAL: p er acre. Pury. 
Tops. |  Rocts. 
| | 
O.. 5.2 | 3.5 | 10.8 | 504 79.2 
PRONE Nex orale os SBN cc tecoetes 41 | 3.7 | 12.3 | 607 80.6 
BPMMONON Ur Myceniin eanb wy oc Sie fo 3 6 32) 9) 550 85.2 
1c ptt ea TE ERICA aC TE Ce ae See 6'1 12-341 PAea} 2 Fake 83.8 
Ie ocsae cate eit eli SOU Ea NO RPE AGUA RTE a 5.6 45 | 11.2 | 672 71.8 
ING ape tee 2 Oe ee Bie ne re OE i Rae a re ae 5.5 16.6 | 15.8 | 3,497 | 87.8 
TOG Sot ae Deed Semen Seat 8 I et es PO Lara 14.1 15.9 2,989 88.8 
IND EIEG Ge ah sols Ae CA ee i i Ee SOR ENN GS al 16.2 | 16.2 3,499 85.8 
SE BOSE Aa se EOE ES ye ESOS ee ae eee eee 47 15.5 14.8 | 3,059 87.9 


N—nitrate of soda. 
P—acid phosphate. 
K—nmuriate of potash. 
O—no fertilizer. 
M—manure. 
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TABLE B—EFFECT OF FERTILIZER ON YIELD OF POTATOES. 


Yield per 
. acre bu. of 
Fertilizer treatment. 60 Ibs. 

ORES PIS ORE SEE SR BON) 1 SOE ee eee Ane OSS) CRTs S98 Se a eee idk 49 4 
1s ee ee Ee eer ck heen ee er een ae aE ALE OP ion 3 0-70. 5 en OREO oS oerar as one 66.1 
PAG SETAE E LRA TTT Pak ie, VANES Tet Ano ES 28 Or Se yy) SOL «nt nh RO 59.2 
Kee ea oe ee ae ee REN eee at yy nee SPOR rr | | se PRR ere ney es tas 3 147.7 
11 (1 ee Bei aan teh Ben eee oe Dea ok Se ae Oh 8 Sema sian alia jie ok eee eC wz Rn eee Ee ee 55.9 
ING sgt hig Fah uete pes bbl 1 PELL DA ooo. Stoke Leah en Se aI as Ete. 7. ae ee ae ea 110.0 
1 Ed <i Re eran ier Sar aaige ere a An ee SRS aR oy a <n andl EOE Oo oe aoe ante oe 126.0 
NIPECS (QAR. bate MRO EE he) SEER US Pan FC EES NGI ecco: 31. free Ree i eee 133 .2 
1 OSPR eee pe oer tM meee et RR Re em CR ho Sc oh OS Set beasts 4a 103.8 
j,i tl Roe ea Sa eT ee Re i ak a ie BI ee Eo cn dae DE SA eee eee ee 107.4 
MP Tot l lets ooe8 dia) Bae og obo ard ee ella |e de ee hed) 6), So A ee ee Wee 99.8 
INTE ie tape as. eee! arc ooie tyceattne aa ote Miles Scams toh caaclig et Es UN ae ara co ah, ee ca A ee 121 6 


For many years celery growers in Michigan have secured manure from 
the larger cities for majntaining the fertility of their muck soils. With 
increase in freight rates and decrease in supply of manure, a greater 
amount of commercial fertilizer is being used. 

Fertilizer experiments with celery on muck have given practically the 
same results as were secured with general crops in so far as kinds of fer- 
tilizers are concerned. The need of nitrate may be more general for this 
crop. 

Table C gives the yields from a representative field, the net returns 
per acre being calculated. During the present season eight celery projects 
are being carried on, with special attention given to the rate of applica- 
tion of the various fertilizers. Two similar projects are being conducted 
with onions. 


TABLE C—EFFECTS OF FERTILIZERS ON YIELDS OF CELERY ON MUCK. 


Yields per acre. Increase or 
decrease 
we Total Cost of Net oer 
Fertilizer treatment. returns fertilizer returns aniertlines 
Pammed per acre. per acre. per acre. cust of 
celery, lbs. Cases. fertilizer 
: deducted. 
CORRE So Roe cs ae lee re ite aks 10,500 ~500 SA00RO0F |e a5 5's ee $400 00)\).k5 ee seer ace 
INS See ree arcane farostate Meas ter pene Ne 10,000 475 380 00 $10 80 369 20 —30.80 
PA Rae Pit oreuat tenia: cidpcrettitoys ities orcas roses 11,400 550 440 00 6 00 434 00 34 00 
ALS hehe 4 Det aan een 12,600 600 480 00 24 50 455 50 55 50 
OMS & ote oss. Senta toed bee 10,500 500 ADUROOMI tO c...cactes ADO. 00 43 52. lees 
Nees cr near settee ees 11,400 550 440 00 16 80 423 20 23 20 
1 (16S on 29 apis Ee aa RR curt eet cach 3 12,800 600 480 00 35 30 444 70 44 70 
PRG eae Sa for5 sin. tori eee shale oO 17,000 800 640 00 30 50 609 50 209 50 
INKS ere ee teen Cae ee 18,000 850 680 00 41 30 638 70 288 70 
ON ss hin seis de siete eae 10,500 | 500 BOOMOO MN 3:55 20s, as. ae AQ0VO0R ance eee 
Average check plots............... 10,500 500 S2000008)|" 5 eae $400) 00%|. Aott teow 


Returns from celery calculated at 80 cents per case. 


N—Nitrate of soda. 
P—Ac id phosphate. 
K—Muriate of potash. 
O—no fertilizer. 


Fertilization studies on mint have indicated the need of potash for 
increase in yield of oil. Of the two sulphate of potash has given some- 
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what better results than has muriate. Table D shows the yields of green 
material and of mint oil from one area. 


TABLE D—EFFECTS OF FERTILIZERS ON YIELDS OF MINT AND MINT OIL ON MUCK. 


Yield per acre. 
Lbs. green 
Plot No. Treatment. a mi ue fib, 
Green wt. Oil oil. 
tens. Ibs. 
First Crop. 
|| eb bite Reena by’ gs go kS oie) oe AS Se OR Paes 14.80 41.75 709 
Pa ksseecadh a LARCH CB oe RI BIE eh, Oy Pere ct AR ot ea K2sos 14 30 52 63 543 
Bi ais latices cet else ty ape Aan Ae Dae SAN Sats i a KCl 14 08 43.75 644 
AE PE res MIAN TAS Re he SUP ee, ONS NE doe ata oa : SGk BA 9 51 34 50 551 
15). Asset te Rese Se aie eine 2 es ge eg, ee oe Sart ae er ers PK2SO03. .. 15 06 50 63 | 595 
(Togo tcte Ree Ee EE Ae eae aah SS eemingeens ¢ CERISE hay ene eee PK GIG. ee 14 80 40 88 724 
s £ 
Second Crop 
ea Peed Sede rola Re etd ERP AEA Ie ot Cee PA soadie Sak gti la ke jeer lel LEAR 2 © 5.78 14.62 791 
Uae Sake LAO Ses Ar eo ire eid a. dean RR ie a ana e  eE K2S0! 6.60 15 62 845 
Fee bs al nar CREE | BA Se Ee EO Oe et ERLE Mee Ee era m KCl 5 62 1-52 641 
1b 5 apy Cot Wea eRe Hae ee ae el tee AER ao eee CK. 3.60 12 69 568 
Ee ae Rte Sethe NNN at at Weel Ae cee Red oe Mate tec ates PK2S01 5 56 14 98 742 
Bee ert ei aes Ae le itn GN ete ube wees Shot PKC1 5.30 15.23 696 
Total Crop. 
1s nS Seeley a a a 12) 20.58 56.37 730 
2 soi de abe De Rane eo Bd te PAR reais eee 1 eh eee eae K2504 20 90 68 25 612 
es Are ee SAS oP oe hy teeack CA cbt: deh essed KCl 19 70 61.27 643 
LS ein deo JE So Ap PR AoE RE es ae en A k 13 11 47.19 556 
Loctite Sats Gs SRAM See ERM deo S) hehe Spee CAs ba bo ee ae ae Ae PK2S01 20 62 65 61 629 
GUE rts teeta aed Reina ven eee Rete Aeon Sit Ra Eee a | PCW 20.10 56 11 716 


The fertilizer problem must be attacked from several angles. It is not 
sufficient to study simply the effect of certain treatments on the acre 
yield of crops but the quality of product must be considered. Moreover 
in order to understand the results obtained when soils are fertilized ex- 
haustive investigations of the reactions between soil -and fertilizer salts 
must be conducted. Our plans call for these researches. Mr. C. H. 
Spurway is making a study of the latter phases. According to him. “The 
more important developments of the year’s work are listed as follows: 

1. A manuscript was recently submitted for approval and publication, 
outlining: (a) a method for quantitative estimation of the more active 
soil bases in mineral soils, and (b) a method for quantitative estimation 
of the base deficiency in acid soils. This study also led to the following 
conclusions: Soil components, separately or collectively, are amphoteric 
in nature and the degree of acidity of acid soils is proportional to the 
ratio between the active bases and acids and not to the excess quantity 
of active acids; also, the degree of acidity of soils does not correlate with 
the quantity of base required to neutralize them (lime requirement), but 
the quantity of base required for neutralization depends upon the total 
quantity of active acids present in soils in excess of the quantity of active 
base. These and other points discussed in the manuscript serve to em- 
phasize the validity of conclusions presented in former publications. 

2. As an outgrowth of the foregoing described work, a method definitely 
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based on chemical theory, has been devised for accurately determining 
the soil reaction. The reaction of soils is considered due to the quantity 
relationship between hydrogen-ions and hydroxyl-ions in the soil solu- 
tion, and this relationship is determined by means of an indicator dye 
(brom thymol blue) and the use of neutral water to obtain a soil extract. 
This method has several distinct advantages: (a) materials for perform- 
ing the test may be carried in a coat pocket, (b) It is devised on a sound 
chemical basis, (c) It is sensitive and accurate, easily and rapidly per- 
formed, (d) The reaction of a soil—whether strongly, medium or slightly 
acid, neutral or alkaline—may be determined with one operation. During 
the present season, this method has been used successfully by field men of 
the Soils Section and several county agricultural agents. 

3. Some chemical reactions between soils and fertilizer materials have 
been quite accurately defined and it is hoped that these and other similar 
data may be made ready for publication soon. 

Since the reaction of soils deficient in bases depends upon the active 
base—acid ratio and since the active components of soils enter into 
chemical combination with different fertilizer salts, it is concluded that 
this base—acid ratio in soils has an important scientific and practical 
significance and it is the plan to work along this line during the coming 
year.” 

I desire also to call your attention to the fact that co-operative soil 
survey work with the United States Department of Agriculture, Bureau 
of Soils, has progressed satisfactorily, as I reported to you elsewhere. 
In this work, among other things, we are making a study of the compo- 
sition of various soil types and their physical characteristics more com- 
pletely than has ever been done by other institutions. We are preparing 
a lime requirement map of the various soils of the counties and other 
popular features, which you will note when you receive the State reports 
on these various areas. 

According to Dr. Bouyoucos, “The research work under the Federal 
or Adams Fund during the fiscal year ending July 1, 1922, has been con- 
cucted on various phases of the three main projects which have been 
under investigation at this laboratory for the past several years, namely, 
soil temperature, soil solution and soil moisture. 

Some of the specific problems which have been investigated during 
the year are as follows: 


(1) Causes for the difference in frost occurrence between peats 
and mucks and mineral soils. 

(2) Relationship between heat of wetting, moisture equivalent 
and unfree water. 

(3) Movement of soil moisture from small capillaries to large 
capillaries upon freezing. 

(4) Effect of chemical agents on oxidation in soil forming rocks 

and minerals. 

The freezing point and dilatometer methods. 

Further studies on the solubility of rocks, mineral and soils 

and the chemical nature of their solution. 

(7) Heat of wetting of soils, rock and mineral powders in various 
organic and inorganic liquids and in water. 

(S) Further studies on frost occurrence and the possible method 
of preventing damage to crops. 


(9) 
(6) 
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(9) Studies on soil structure. 

(10) Establishing methods of studying and determining the col- 
loids in soils. 

(11) Study on the activity of soils. 


Preliminary or final reports have already been prepared for the first 
five problems and are being published as scientific articles in Soils 
Science and in the Journal of Agricultural Research. The investigation 
of the other six problems is being continued.” 

On the basis of these results and general conditions in the State I 
maintain that the financial support of soil investigations is woefully 
deficient. The expenditures for this Section, aside from _ salaries, 
since it was reorganized in 1914, as furnished by J. Schepers, Treasurer, 
are as follows: 


Disbursements of Experiment Station Soils for the following years: 


Year ending 


SUES RO) GI ears ee aati aetna shart sey Tela arene a ok. ede OF: 
SUTIMMIS EE PCAN y Perc fosens ht Rl ces lah care Bich tia da! Si Gu) Ad ane Pada la carets 1,159.21 
SUAS eR Nee NOE adasage isnot seco. arate carte ineyel oo.) ale ohooh eebey are 1,371.08 
VTEC SNS 1A 1S Ae CR ee a Le a Re ie ae RE PRES NSIS 3,304.58 
eUiparresesy Name Diane ei aint Notrg rer a are ec curate act sans. bot tira evetasave: a OM ae 2,737.78 
nets Ws LOMO a ris sei ehe wee. siete Sait d Creal, Bathe Soha e 4,084.44 
giuriveisa Ne 1 ODO ets ter ce eects cere eye y is Sakanel os Wa DS HAND 4,761.40 
BME Sena Oty Matelaralaieie nag scl ata-siec a) cuatMtlcdayate fsMEba Get kes tara 14,874.61 
SULUIIM es nel ere ener eile Rel ehicvaier a Sune 0's) alain, elsh atataiel sels een 12,356.3 


Respectfully submitted, 
M. M. McCOOL. 
Prof. of Soils. 
Fast Lansing, Michigan, June 30, 1922. 


‘ 
REPORT OF THE UPPER PENINSULA EXPERIMENT 
STATION. 


Director R. S. Shaw: 
Dear Sir: 


I herewith submit a brief report of work done at the Upper Peninsula 
Experiment Station for the fiscal year ending June 30, 1922. 

The crops experimental work was in charge of Mr. G. W. Putnam for 
the first half of the year and of H. R. Pettigrove during the latter part. 
The plant disease work has continued in charge of Mr. J. E. Kotila. Both 
of these departments have increased their work considerably over previous 
years. 

LAND CLEARING. 


Seventy-one acres have been cleared during the past year and fifty acres 
of this have been plowed and the larger part of it is in crops this year. 
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The cost of clearing this land has varied from twenty to fifty dollars 
an acre depending largely on whether the land had previously grown 
hardwood, or cedar and tamarack. 


FENCING. 


Three and one-half miles of woven wire fence was erected. This com- 
pletely incloses the Station land and the fields that are now under cul- 
tivation. The road fence in front of the Station buildings was torn down 
and new fence built. The old barnyard fences were torn out and replaced 
by new ones. ” 


PAINTING. 


The crops experimenter’s house and the superintendent’s house have 
been painted in the past year and some interior decorating done to these 
houses, and also the boarding house and office. 


BUILDINGS. 


The manure pit has been completed and an inclosed porch built on the 
superintendent’s house. 


MACHINERY. 


Some new machinery has been added to the equipment. Among these 
is a side delivery rake, high pressure spray rig, pea thresher, corn 
binder and sevéral smaller pieces. 


CROPS. 


The crops of 1921 were very light owing to the dry weather and the 
grasshoppers. Prospects this year however, are much brighter as the 
hay crop is heavy and all other crops are showing up especially well with 
the exception of corm and the more delicate g garden crops. 

A large percentage of the land in small grains was used for increase 
fields of pedigreed seed grain. Fourteen acres were put into sunflowers 
this year so that we would have plenty for silage and for experimental 
work with dry fodder. About twelve tons of dry sunflower fodder was 
fed last year to sheep with fairly good results and this year it is planned 
to carry on experimental work in “feeding the same. 


SHEEP, 


We now have 523 sheep and lambs in the flock of pure bred Rambouil- 
let, Hampshire and Shropshire breeds and grades and cross breeds of the 
same. Each individual is numbered and records are kept of the weight 
of lamb at birth also at shipping time, weight of fleece and number of 
lambs produced by the different breeds and crosses. Many of the pure 
bred ram lambs are sold to the farmers as breeders and the grade ram 
lambs, cull ewes and inferior pure bred lambs are shipped to Chicago 
for slaughter. 


DAIRY. 


We now have fourteen pure bred Holstein cows, one herd bull, three 
bull calves, six heifer calves and six yearling heifers. Five bull calves 
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and one heifer calf have been sold to farmers in the past year. The herd 
Soe Emblagaard Colantha Bonastine was sold for beef last fall and he 
vas replaced by Canary Segis Beets, bred by the Newberry Hospital. 
Ghie heifer calf was given as a prize to the boy or girl having the highest 
individual score for judging dairy cattle at our “last annual Farmers’ 
Round-Up. 
HORSES. 


No change has been made in horses during the past year. We now 
have two work teams and one general purpose horse. 


POULTRY. 


A flock of fifteen white Leghorn birds has been added to the Station 
flock. We now have a small flock of W hite Leghorns and Barred Rocks. 
No particular experimental work has been done with them. The eggs 
during the hatching season were largely sold to farmers and the balance 
of the time were sold to the boar ding house or private individuals. 


The following are the reports of the Crops experimental and plant 
disease work done at this Station. 


Mr. D. L. McMillan, 
Supt. U. P. Experimental Station. 

I herein report the experimental crop work at this Station for the 
year ending July 1, 1922. 

The experimental work carried on in oats consisted of a variety test 
of commercial and pedigreed oats. In the commercial oat test, W isconsin 
Pedigreed No. 77, Lowa No. 103, Silvermine anid 60-day oats out yielded 
the other varieties. Wisconsin pedigreed No. 14 being the low yielder. The 
Pedigreed variety test showed that the 60-day oats, Wisconsin Pedigreed 
No. 77 and Iowa No. 103 were the highest yielders. Wisconsin Pedigreed 
No. 5 being the low yielding oat. 

The Pedigreed Barley test showed that the Wisconsin Pedigree No. 9 
and Michigan Black Barbless gave the highest yields. A few varieties of 
Spring Rye and Spring Wheat were also tested in this series. 

In a variety and date of planting test it was found that Black Barbless 
Barley gave the highest yields with Michigan-two-row Barley following. 
The date indicated that about the middle of May was the best time to seed. 

The time of planting winter wheat indicated that the latter part of 
August was the best time to seed, (August 30 indicating the best yield.) 
A winter wheat date of planting and variety test was seeded in the fall 
of 1921. 

A series was devoted to testing of annual hay crops. Oats and peas 
gave the best returns with oats and vetch as the next highest yielder. — 

A commercial pea variety test was made to find a high yielding pea in 
forage as well as seed. The E1 iglish Field Pea gives promise of being 
a good sort. 

A sunflowér series devoted to rate and spacing showed that everything 
favored the thirty-inch row at the rate of 6 Ibs. per acre. This also gave 
the best quality ensilage. 

The potato work included the cultural plots, seed treatment, date of 
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planting, hill units, and tuber unit increase. Mr. J. W. Weston and Mr. 
J. E. Kotila co-operating in this work. ed 

Another series was devoted to sugar beets and the possibilities of seed 
production. The sugar beets did not come through the winter very well. 
only 15 to 30% surviving. 

Co-operative work was carried on with Professor J. A. Jeffrey on sandy 
and mucky soils at Wetmore and Seney respectively. There were also 
co-operative plots in the various counties. In most cases the grasshoppers 
and dry weather destroyed all possibilities of obtaining results. The few 
cases which did come through showed results as indicated previously as 
to varieties. 

The following work will largely constitute the work for this year, 1922. 

Series of the commercial oat varieties has been continued and 
also the pedigreed oats with a few varieties added to the latter from some 
of the northern stations. 

The commercial field pea plots are still being carried with a few va- 
rieties added to this. 

The barley variety series is continued with a rate of seeding of both 
oats and barley ranging from one and one-half bushels to four bushels 
per acre. A small series of spring wheat plots are also being grown. 

The potato work will be continued as last year. A few varieties are 
planted in a large increase field for the beginning of better strains for 
distribution. Mr. Weston and Mr. Kotila co-operating in this work. 

The annual hay crop and sunflowers will be continued as of last year. 
A little work with corn and soy beans is being done. A few earlier types 
of corn are being grown in ear to row work. 

A new project on the testing of Red Clover was begun. There being 
twenty-seven strains, obtained from some of the states and a few from 
Foreign countries. 

Sugar beets will be continued to see what can be done in the produc- 
tion of seed. This will be largely cultural work to maintain the plants 
over winter. 

There is also at present about twenty acres of increase into barley, eight 
ates of peas and two acres of oats, for distribution. 

Co-operative tests are being conducted in the various counties with oats, 
barley, alfalfa and sweet clover: ; also the work is being continued with 
Professor J. A. Jeffrey at Wetmore on the Sandy area “and at Seney on 
the Muck swamp area. 

Yours very truly, 
H. R. PETTIGROVE, 
Crops Experimenter. 
Mr. D. L. McMillan, 


Supt. of the U. P. Experiment Station. 
Dear Mr. McMillan: 


Report of the potato disease investigations carried on at this Station 
in ‘co-operation with the Botanical Section of the College for the year 
ending June 30, 1922, is hereto appended. 

Weather conditions during the 1921 season were not favorable to the 
potato disease in general. Owing to the dry hot weather which prevailed 
during the early part of the summer, Blackleg was of very minor import- 
ance and no cases of Late Blight, which is also associated with cold wet 
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seasons, were reported. It was very difficult to diagnose suci diseases 
as Mosaic and Leaf Roll, especially on the early planted tubers. The 
weather conditions of the season however, were very favorable to the 
potato leafhopper. The adult leafhoppers emerged early and due to the 
comparatively high temperature the eggs hatched and the nymphs grew 
to maturity in a minimum length of time. The result was that hopper- 
burn was severe and caused considerable reduction in yield. 

Observations on the life history of the Potato Leafhopper, Empoasca 
mali LeB, which causes hopperburn were continued and control measures 
were demonstrated. Bordeaux mixture was found to be effective in 
warding off the leafhoppers and thus indirectly controlling hopperburn. 

An acre of potatoes was devoted to spray and dust experiments. The 
effectiveness of Bordeaux mixture as a spray for potatoes was demon- 
strated. 

Potato seed treatment experiments were carried on after the plan of 
the preceding year. In addition, soil treatment éxperimenits were con- 
ducted in an attempt to control potato scab, which seems to be inherent 
in some of the limestone soils of the Upper Peninsula. Approximately an 
acre of land was devoted to these trials. 

The laboratory which was built during the early summer on the second 
floor of the office building afforded an excellent place to carry on studies 
on the casual organisms of the various diseases affecting the potato. The 
laboratory work was somewhat impeded through lack ‘of pressure water 
and drain for waste water, and in the latter part of the season through 
lack of good artificial light. The need of electric lights was sorely felt. 
Asa whole, however, the | laboratory is a marked improvement over condi- 
tions of the preceding year. 

I take this opportunity to thank you for the hearty co-operation and 
assistance you have given to further the potato disease investigations at 
the Station. 

J. K. KOTILA, 
Research Ass’t in Plant Pathology. 


Respectfully submitted, 
ID. L. McMILLAN, 
Superintendent. 
East Lansing, Michigan, June 30, 1922. 
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REPORT OF THE DIVISION OF EXTENSION WORK. 


President David Friday, 
Dear Sir: 


The work of the Extension Divison is fully reported wpon by the lead- 
ers of the various projects which have been approved by the Secretary of 
Agriculture under the terms of the Smith-Lever Act. For each year, a 
detailed annual plan of work for each project is required to be sub- 
mitted to the Federal Office for approval. The projects for the year are 
listed below, and the report for each line of work is appended hereto. 


Administration. 

County Agricultural Agents. 

Home Economics. 

Home Demonstration Agents. 
Boys’ & Girls’ Clubs. 

Farm Crops. 

Live Stock. 

Horticulture. 

Potatoes & Vegetables. 

10. Soils. 

11. Farm Management Demonstrations. 
12. Insect Control. . 
15. Household Kngineering & Drainage. 
14. Markets. 

15. Poultry. 


shor 


OAS OU ¢ 


“ar 
— 


The relationship of the Extension Service to the farm organizations 
has continued to be one of close harmony. The strong development of 
County Farm Bureaus has resulted in more available funds locally, 
which have been used to retain the services of agents who would otherwise 
have left the work. This decrease in “turnover” of county agents has 
greatly strengthened the staff. It is also true that the growth of these 
organizations has increased the importance of the position of county 
agent, necessitating a high standard in selecting new men. 

The increase in Farm Bureau membership has greatly stimulated and 
in some ways modified the extension work. The first interest of the 
newly created County Farm Bureaus was toward marketing. This was, 
no doubt, due to the conditions of the time and to the ambitious promises 
of membership solicitors. This condition has been met by assisting the 
producers in the organization of marketing institutions in centers where 
financial conditions, volume of business and lecal leadership gave promise 
of success. The extent of this movement is shown in the appended re- 
port on “Marketing”. The later tendency is to return to greater interest 
in the various lines of production, especially in economy of production 
and higher grades of produce. This is offering the Extension Service 
unusual opportunities for work in standardization of varieties of grains, 
potatoes, fruits and breeds of live stock, because through marketing organ- 
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izations, the producer benefits directly from the superior article whieh 
he has to sell. 

The State Horticultural Society, which includes the prominent fruit 
growers, has been brought into close touch with the College through 
the appointment of the Horitcultural Extension Specialist as its Secre- 
tary. Through its special committee on “Extension Work”, Mr. Farrand 
is able to place his plans favorably before the horticultural leaders and 
obtain their criticisms, suggestions and support. This arrangement has 
already elevated horticultural extension work from an unsatisfactory 
ecndition to one of real service to a great industry. This service must 
soon be expanded. 

The “Radiophone”’, which had its beginning during the fiscal year, may 
yet vitally affect the methods used in extending information to the people. 
Through co-operation with The Detroit News, twelve different speakers 
have given extension radiophone lectures on Saturday evenings ‘as 
the WWJ Broadcasting Station in Detroit. The results cannot be es 
mated, but reports from widely scattered places have come in on eae 
all of these lectures. It now seems that a broadcasting station at the 
College will soon be a necessity. This method may not replace any part of 
our present extension system, but it will certainly add one more way of 
reaching the people. 

The most important development in extension methods has been in 
the character of winter meetings. It has been felt by many of the staff that 
a large percentage of farmers did not attend the usual meetings in town 
or local meeting place. To meet this condition, an intensive campaign 
by counties was planned with day meetings to be held on farms in each 
community with larger meetings in towns at night. The daytime barn 
meetings proved to be a suecess in reaching many who had previously 
been entirely out of contact with this work. This campaign method was 
used in ten counties in promoting alfalfa growing and dairy herd im- 
provement. The results are reported in another place, but it is to be 
noted here that this method will be further perfected. 

Yours very truly, 
‘ - R.J. BALDWIN, 
Extension. Director. 
East Lansing, Michigan, June 30, 1922. 


PUBLICATIONS. 
Edition. | Bulletin No. Title. No. Pages. Author. 
DONOOOE Pe oe 3 4c tay. Better Bulls for Michigan!..2..../.....5....2-.. Re eaen 4 | J. A. Waldron 
8,000 | 22 fective Crops! HxbiDitgemacnee on ove ee ooo ee 24 | H.C. Rather 
81000" |) 11 (revised))!|Handicraft Work... i2...22 boss sce eee RPE YESS RRA, 2 
5,000 | 28 Home: Canning Gideon pees aie oes Seas ke 2 | Home Econ. Dept. 


Appointments : 


L. F. Livingston, Land Clearing Spec., July 1, 1921. 

H. B. Killough, Farm Met. Den: Bey il ees Goa 2 

A. ©. Baltzer, Dairy Husbandry, Spec., July \1,.1921: 

Eva Schurr, Home Dem. Agent, Ottawa, July,1,.1921. 
Dorothy Kurtz, Home Dem. Agent, Saginaw, July 1, 1921. 
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Viva Osborn, Club Agent, Branch, July 1, 1921. 

L. W. Ross, Club Agent, Wayne, July 15, 1921. 

Jennie Williams, Home Dem. Agent, Gogebic, Aug. 1, 1921. 
Muriel Hopkins, Nutrition Spec., Sept. 1, 1921. 

P. M. Harmer, Muck Soils Spec., Sept. 1, 1921. 

Muriel Dundas, Home Dem. Agt., Gladwin, Sept. 15, 1921. 
Sylvia Wixson, Home Dem. Agt., Marquette, Sept. 15, 1921. 
R. G. Carr, Ass’t State Ldr. Co. Agts., Nov. 16, 1921. 

C. V. Ballard, Ass’t State Ldr. Co. Agts., Dec. 1, 1921. 

©. KE. Ferguson, Poultry Husbandry Spec., Jan. 1, 1922. 

H. E. Dennison, Dairy Husbandry Spec., Jan. 1 1922. 

G. W. Putnam, Farm Crops Spec., Jan. 1, 1922. 

Ruth Cresswell, Ass’t State Ldr. B. & G. Clubs, Feb. 1, 1922. 
Nevels Pearson, Ass’t State Ldr. B. & G. Clubs., March 1, 1922. 
W. C. Boman, Club Agent, Calhoun, March 1, 1922. 

L. E. Mericle, Club Agent, Genesee, April 1, 1922. 

A. L. Watt, Club Agent, Washtenaw, April 1, 1922. 

L. D. Kurtz, Farm Crops Spec., April 1, 1922. 

H. M. Harman, Entomology Spec., May 10, 1922. 

Helen Simonson, Dist. Home Dem. Agt., March 1, 1922. 

Rk. M. Roland, County Agent, Calhoun, July 8, 1921. 

B. O. Hagerman, County Agent, Charlevoix, April 1, 1922. 
T. R. Shane, County Agent, Chippewa, Aug. 1, 1921. 

R. D. Bailey, County Agent, Crawford, July 1, 1921. 

J. E. Turner, County Agent, Delta, April 15, 1922. 

R. W. Tenny, County Agent, Eaton, Dec. 1, 1921. 

D. C. Cavanaugh, County Agent, Emmet, Dec. 8, 1921. 
Clayton Cook, County Agent, Gratiot, July 1, 1921. 

C. P. Pressley, County Agent, Gratiot, March 1, 1922. 

E. E. Twing, County Agent, Huron, Oct. 3, 1921. 

H. L. Carr, County Agent, Ionia, May 1, 1922. 

Karl Roberts, County Agent, Iron, March 1, 1922. 

R. E. Decker, County Agent, Jackson, Dec. 1, 1921. 

L. L. Drake, County Agent, Antrim and Kallxaska, Oct. 1, 1921. 
K. K. Vining, County Agent, Kent, Dec. 1, 1921. 

A. J. Patch, County Agent, Lapeer, August 24, 1921. 

C. L. Coffeen, County Agent, Lenawee, May 1, 1922. 

CG. L. Bolander, County Agent, Livingston, May 10, 1922. 
W. N. Clark, County Agent, Ontonagon, Feb. 15, 1922. 

C. W. Wing, County Agent, Osceola and Lake, March 6, 1922. 
T. R. Shane, County Agent, Schoolcraft, Feb. 1, 1522. 


Temporary County Club Agents: 


Alba Stenson, Baraga. 
Geo. E. Butterfield, Bay. 
Wanda Brunni, Gladwin. 
Kk. P. Silberg, Gogebic. 

H. B. Dimmers, Hillsdale. 
Glenn J. Waite, Jackson. 
Grace M. Watson, Kent. 
M. R. Cameron, Luce. 

F. H. Dexter, Monroe. 
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Geo. H. Kimball, Oakland. 
Evelyn Kinney, Osceola. 
Carrie Moore, Schoolcraft. 
O. C. Goss, VanBuren. 


Resignations: 


J. A. Waldron, Dairy Husbandry Spec., June 30, 1922. 
Aurelia Potts, Ass’t State Ldr. H. Dem. Agts., Feb. 28, 1922 
R. N. Hain, Insect Control Spec., March 31, 1922 

Donald eat are Sheep Husbandry Spec., Feb. 28, 1922. 
A. L. Bibbins, Farm Crops, Dec. 31, 1921. 

E. C. Foreman, Poultry Spec., Nov. 30, 1921. 

Helen Pratt, Home Dem. Act. Chippewa, Jan. 31, 1922 
Dorothy Kurtz, Home Dem. Agt., Saginaw, Noy. 30, 192 
Sylva Richardson, Home Dem. Agt., “Gogebic, July ‘Bl; 1921, 
Helen Simonson, Home Dem. Agt., Dickinson, Dec. 31, 1921. 


Bernice Woodw orth, Home Dem. Agt., Allegan, June 30, 1921. 


W. ©. Boman, B. & G. Club Agt., Wayne, July 15, 1921. 
Dic. Cavanaugh, B. & G. Club Agt., Sanilac, Nov. 30, 1921. 
R. W. Tenny, B. & G. Club Agt., Katon, Nov. 30, 1921. 


Bb. O. Hagerman, B. & G. Club Agt., Washtenaw, Dec. 31, 1921. 


A. L. Strang, B. & G. Club Agt., Saginaw, March 31, 1922. 
L. V. Benjamin, County Agent, Baraga, May 31, 1922. 
P. C. Jamison, County Agent, Calhoun, July 15, 1921. 
C. W. Wing, County ‘Agent, Charlevoix, Dec. 3 antes 
T. R. Shane, County Agent, Chippewa, Jan. al, 1922 

R. E. Decker, County ‘Agent, Eaton, Nov. 30, ait 
Kak. Vining, County Agent, Emmet, Nov. 30, 1921. 

- Clayton Cook, County Agent, Gratiot, Nov. 30, 1921. 
James Campbell, County “Agent, Huron, Oct. @: 1921. 

W. F. Manby, County Agent, Iron, Jan. 31, 1922. 

©. V. Ballard, County Agent, Jackson, Noy. 15, 1921. 

K. E. Twing, County Agent, Kalkaska, Oct. 1, 1921. 

R, G. Carr, County Agent, Kent, Dec. 1, 1921. 

S. T. Wellman, County Agent, Lapeer, Aug. 24, 1921. 
Ralph Carr, County Agent, Lenawee, March 31, 1922 
F. S. Dunks, County Agent, Livingston, Feb. 28, 1922. 

C. P. Pressley, County Agent, Schoolcraft, Dec. 31, 1921. 
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REPORT OF EXTENSION WORK IN AGRICULTURAL 
ENGINEERING. 


BY H. H. MUSSELMAN, GENERAL EXTENSION; O. E. ROBEY, DRAINAGE AND 
HOUSEHOLD ENG. SPEC.; L. FE. LIVINGSTON, A. J. MCADAMS, 
GEO. AMUNDSON, LAND CLEARING SPECIALISTS. 


GENERAL FARM ENGINEERING. 


A great deal of the extension work in Farm Mechanics calls for the 
solution of a great many individual problems not always of like char- 
acter in a community at one time. For this reason, the campaign method 
of extension is not always effective. Household Mechanics is one of these 
subjects. This has been handled this year largely by means of model 
spetic tanks, blueprints and other matter furnished through the County 
Agent. The work has suffered somewhat in the past four year's because 
we have not felt justified in urging the farmer to make expenditure with 
the disparity in prices between agricultural and manufactured products. 
However, with a readjustment of conditions and a revival of interest in 
buildings and improvement more effort should be concentrated on water 
supply and sewage disposal problems. 

The county campaign plan of Extension in Drainage has been effective 
where it has been tried, and should be carried into other counties where 
there is a general need of drainage. It is also felt that this work should 
be intensified to make it effective. 

We have been called upon to assist in working out a number of projects 
this year which may be considered extension work, The State Adminis- 
trative Board has sought our assistance on state farm building layout 
and planning. Several ‘fruit and potato storage houses have been planned. 
For this assistance there will be more demand. Barn and other building 
projects have been carried through and many blue-prints have been sent 
out as sketches, plans and details. 

We need especially in this work a plan of following up and reporting 
on the work which has been done. 


HOUSEHOLD ENGINEERING. 


The work in household engineering has consisted of holding demon- 
strations in septic tank construction and furnishing plans for various 
household conveniences. Also attendance at meetings where household 
conveniences were discussed. 


DRAINAGE. 


Drainage extension work has consisted of making drainage surveys and 
prov iding plans for drainage systems. A drainage campaign was put on 
in Sanilac county according to the plan submitted last year and has 
proved quite successful. A series of meetings were held during February 
and March to bring before the people the value of drainage. As a result 
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22 farmers asked to have drainage plots of various sizes ranging from 7 
to 25 acres put in on their farms. Also, 68 farmers asked to hav e their 
farms surveyed for future drainage systems. Two demonstration meetings 
have been held in the fields, w hich were attended ‘by about 100 people. 
Publicity articles were run in the county papers regarding the work. 
Thirteen days were spent in testing the tile of the various manufac- 
turers of the State. Many interesting points were brought out of this 
test which will serve as a basis for future study. 


SUMMARY. 


Nomperot daysspenk In. olrce, ...... acs a yard nates Gatland - 52 
Number of days spent in tile testing .............¢.0045 13 
Number of demonstration meetings held .............. 13 
CLS 8 EL TS ST Let Sa Os Oa ge | a a ee ac pee Se iat e Oe, 351 
Number of Lecture meetings held ik< teat ri rote ch wt nih Aiba wEat 38 
Pe SACEUTEE ERT ESR St an See Or ae denied 2512 
AGED E PACTS NASER ted 3a ork My Ricans <jclutayegt easgoleds 2 wmmsbafe 103 


LAND CLEARING. 


Agitation for land clearing has been carried on for some time in Mich- 
igen, but it was not until August 1, 1921, that the efforts were crystal- 
lized and the Michigan Agricultural C ollege established a land clearing 
section with L. F. Livingston in charge and A. J. McAdams as assistant. 
Due to the early grow th of the work, Geo. Amundson was employed in 
March as an assistant. The first problem that confronted this office was 
a general survey of the land clearing conditions of the State with special 
reference to the Upper Peninsula where more cleared land was essential. 
The survey, brought out several facts regarding the agricultural situation 
of the Upper Peninsula. 1. Land clearing with its problems is Hue most 
important question facing the farmers in the cut-over sections. 2. The- 
average of cleared acres per farm is too small to make sc onaeiian and 
successful farming. 3. The rate of clearing, based on a ten year average 

yas one acre per farm per year, much too slow for the development of 
resources at hand. 4. The reasons for this slow rate of clearing by the 
settlers already on the cut over regions, were found to be several; lack of 
knowledge of the economical methods of clearing, wasting explosives 
through improper handling and buying, too many accidents due to im- 
proper use of explosives, and a lack of interest and understanding of the 
problems of land clearing on the part of the bankers and business men. 

Land clearing in the cut over regions of Michigan, while ordinarily 
classed as reclamation work, differs from most reclamation projects. 
Here the soil, rainfall and climate are naturally provided and adapted 
to agriculture. The sole obstacle is the brush and stumps which must 
be removed before the land can be tilled. Every farmer in this territory 
is confronted with the same problem, and every farmer, without exception, 

can be benefited financially and socially by an intensive campaign in 
feist, quicker and safer methods of clearing. 

In this respect, land clearing differs from other reclamation work in 
the State. It isa problem which must be worked out by every settler and 
some program is absolutely essential to take care of the farmers now 
developing new homes, and new men who will eventually develop the rest 
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of this territory, to give them the benefit of all past experience and some 
definite aid, if this territory is to become a prosperous farming section. 

To accomplish this it was necessary to interest all whom have mutual 
enterprises in the Upper Peninsula to the importance of more cleared 
acres, and to secure their continued ‘co-operation. 

The work was carried on through: 1. demonstrations in uses of dyna- 
mite and picric acid, 2. land clearing exhibits at county fairs, 3. meet- 
ings with county boards of supervisors, 4. winter farmers meetings, 5. 
business organization meetings, 6. newspaper publicity, 7. land clearing 
schools, 8. land clearing story contests and 9. picriceacid distribution. 

Thirteen demonstrations in the use of dynamite and picric acid were 
held in the Upper Peninsula with an attendance of 2170 farmers. This 
clearly indicated the need of education on the use of explosives as well 
as need of education in the use of stump pulling equipment. From our 
survey, it is estimated that one-third of all the dynamite used for agri- 
cultural purposes is wasted because of improper methods or the wrong 
materials being used. Further, it was found that one-half of all stump 
pullers purchased should never have been bought. Either the type of 
clearing was not adapted to stump pullers or the machine was not 
equipped with the right attachments. The carload system of buying 
explosives was introduced and saved the farmers thousands of dollars. 
By correcting these faults, the cost of clearing has been and can be re- 
duced to a much lower figure. 

It was necessary to get the land clearing movement before the eyes 
of everyone in the Upper Peninsula and to spread broadcast information 
that the Michigan Agricultural College was in a position to help farmers 
in their land clearing work. To do this, we chose to visit all county fairs 
with a land clearing demonstration by means of models, showing the best 
approved methods and tools as well as featuring models of home made 
devices. During the fall, twelve counties were visited and a total of 
19,575 people viewed the land clearing exhibit. In personal talks with 
various farmers, the need of education was again evident. 

To further the educational end of land clearing and to secure the neces- 
sary funds to carry on our plans, we appeared before nine county boards 
of supervisors asking them to appropriate sufficient funds to carry on a 
series of land clearing schools in their counties. We received an aggre- 
gate appropriation of about $8,000 to carry on thirty-eight land clearing 
schools in ten counties of the Upper Peninsula. In the majority of cases, 
the board of supervisors were far sighted enough to see the necessity of 
land clearing and in several cases they attended the schools in a body. 

During the winter a total of 105 land clearing meetings were held in 
the farming regions with an attendance of 10,045 people. A conservative 
estimate shows 65% were farmers. Twelve counties were covered dur- 
ing the winter. Moving pictures portrayed the best approved methods of 
clearing land and arrangements were made for the land clearing schools 
to be held in the spring. These meetings demonstrated a good healthy 
interest in land clearing, and our office has been called on continually to 
aid farmers in their problems. These meetings also revealed that it was 
necessary to show better uses of material on hand and to bring about a 
cheaper rate of clearing, as well as to get cheaper materials in the hands 
of the farmer. In many cases, it was found the cash outlay played an 
important part in the manner in which the farm was cleared. In other 
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cases, the speed of clearing was the determining factor with no particular 
attention paid to the cash outlay. Therefore, that which is economic land 
clearing for one may be impossible for another, and this is one of the 
many reasons for bringing land clearing education as near the individual’s 
back door as possible. 

Besides interesting farmers, it was necessary to show business men and 
bankers the direct relations between more cleared acres and more rapid 
development of their community or city. It was our privilege to appear 
before 25 business men’s meetings with an attendance of 1792. By gain- 
ing their co-operation and support, the land clearing movement took 
enormous strides forward. During the winter two county agents’ confer- 
ences were held where land clearing was the main subject of discussion 
and in the majority of cases, land clearing was one of the major projects 
in the y€ar’s work of the county agents. From the county agents’ re- 
ports, we find they spent 25.8% of their time on land clearing. 

Since last fall, this office has supplied twenty-five newspapers of the 
Upper Peninsula each week with land clearing material. Our clipping 
book shows that these papers as well as several in the Lower Peninsula 
and numerous farm magazines have been supplied with information. Be- 
cause of our wide publicity campaign, we have received requests for infor- 
mation on land clearing and possibilities of land clearing, stretching from 
New York to Seattle and as far south as Central America. 

To interest the young folks and also to further interest the older folks 
in land clearing, a land clearing story contest was carried on in each of 
six counties. Over a thousand essays were submitted and prizes were 
awarded to the winners. 

Practical land clearing education was carried on this spring by a series 
of 38 land clearing schools conducted in ten counties of the Upper Penin- 
sula. Over 10,000 people attended these schools. The school was made 
up of eight cars donated by the railroad; 18 men, supplied by the College ; 
six stump pullers, supplied by stump puller companies; two tractors, 
supplied by the tractor companies; and dynamite and dynamite tools from 
three powder companies as well as picriec acid. The “learn by doing” 
method was adopted in the field, clearing a total of 86 acres. About 
2706 farmers took the complete course. We know that everyone who at- 
tended these schools carried away some ideas which will be beneficial to 
him. 

It was also the duty of this office to distribute 636,000 pounds of war 
salvage picric acid to the farmers of the State. This was done through 
the county agent system, farm bureau organizations, and county clerks. 
Fourteen cars of 300,000 pounds were placed in 15 counties of the Lower 
Peninsula and the remaining 13 cars; or 336,000 pounds were distributed 
in 14 counties in the Upper Peninsula. It is estimated that 12,000 acres 
of land were cleared with this explosive at a saving to the farmers of 
about $65,000. 
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Counties 

No. Attendance Visited Days 
Demonstrations held ......... 18 2170 8 15 
County Agent Conferences .... 0 3 60 5 
Exhibits at county fairs ..... 12 19575 12 44 
Business men’s meetings ..... 25 1792 14 30 
County Board meetings ...... Zi 247 9) 9 
Farmers” Meets... oa vn 105 10045 12 75 
Land Clearing Schools ....... 38 10000 10 70 


REPORT OF EXTENSION WORK IN APICULTURE. 


BY EDWIN EWELL 


The educational program of the Extension Specialist has consisted 
of many personal interviews with beekeepers; participation in a series 
of “beekeepers’ schools” in thirty counties, each school lasting two days; 
local meetings held in various counties at which demonstrations were 
given whenever possible; and automobile tours, which offer one of the 
most desirable methods of demonstration. The tour is’ advertised in 
advance by the officers of the county asisociations, and beekeepers assemble 
at the starting point with their automobiles, visiting a series of apiaries 
during the day. Each apiary as visited is examined by the entire party 
and demonstrations made of the treatment of diseases, requeening, making 
of increase and various types of equipment. In this manner, through 
comparison of yarious apiaries, the beekeepers in attendance recognize 
superior methods of manipulation and the advantages of using up-to- 
date equipment. At the same time discussion of problems and manipula- 
tion help to discover the individual needs of beekeepers in the party. 
Proper methods of manipulating supers, care of the honey crop and its 
preparation for market were given much attention; the proper manipu- 
lation of new swarms and reasons for swarm control were also stressed. 

Exhibits were displayed at four fairs: Detroit, Saginaw, Bay City and 
Midland. Opportunity was presented to meet a large number of bee- 
keepers in each case. The College exhibit consisted of samples of honey 
from various sources, mounts of honey plants, wall charts and samples of 
foulbrood, all of which excited much interest. In fact it was necessary 
to give an almost continual lecture during each day of each fair. Oppor- 
tunity was presented to make plans for extension work aivong new pros- 
pects. It has been our policy to instruct beekeepers regarding bee diseases 
and to encourage each beekeeper to become an expert in its detection and 
treatment. Inasmuch as disease is spread throughout the Lower Penin- 
sula with the exception of the northern tier of counties, we hope that 
in each community at least one or two men, having become expert in 
handling disease, may serve as leaders in influencing others to adopt 
better methods. 

Work done in five counties in the Upper Peninsula indicated a won- 
derful opportunity for the development for the bee keeping industry 
there. Although there are few commercial beekeepers in the Upper Penin- 
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-Sula at the present time there are many beginners. Large areas of clover, 
raspberry, fire-weed, golden-rod and other honey-plants produce annually 
a large quantity of nectar which goes to waste for lack of bees to gather 
it. Although tke winters are long and cold, large quantities of snow 
and a steady temperature enable the beekeeper to winter his bees success- 
fully, if proper care is given. 

Since the Upper Peninsula is at present free from disease, “Cloverland” 
is becoming very attractive to beekeepers. 

The increase in acreage of sweet clover throughout the State is assist- 
ing beekeepers generally since raspberry and other nectar sources from 
wild plants are becoming fewer. 

Through the co-operation of large numbers of County Beekeepers’ Asso- 
ciations, and of the County Agricultural Agents, it is becoming possible 
to reach more and more beekeepers each vear. Several county beekeepers’ 
associations have definite schedules for meetings for the year, the plan 
providing for from two to five meetings, most of which are held during 
the summer months. The interest exhibited by these County Associations 
depends largely upon the officers in charge. However , there is a growing 
feeling that co-operation is beneficial to all and that the County Bee- 
keepers’ Associations offer the best means to this end, both educationally 
and commercially. 


REPORT OF EXTENSION WORK OF BOYS’ AND 
GIRLS’ CLUBS. 


BY R. A. TURNER 


Boys’ and Girls’ Extension Work in Agriculture and Home Economics 
has been carried on as one of the projects of the Extension Division at 
the Michigan Agricultural College. 

That club work has made a very definite contribution to good farm 
practice and to farm home life is proved in the results attained during 
the past several years. Not only have these results strengthened the 
extension program as a whole, but they have also created an ee in 
improved rural work and rural life. 

Boys’ and Girls’ Club Work is organized agriculture and Ren leader- 
ship in the making. To train this rural leadership is one of the goals of 
the Club Department. 

Clubs have been organized in the following projects: 


Summer Season Winter Season 
Corn Dairy Calf Clothing 
Potato Dairy Heifer Own Your Own Room 
Bean Cow and Calf Handicraft 
Garden Baby Beef Hot Lunch 
Poultry Sheep 
Pig (Breeding) Canning 


Sow and Litter Meal Preparation 
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COUNTY ORGANIZATION. 


The relation of the county farm bureau to the projects carried on in 
any given coumty is one of co-operation in determining these projects. In 
many counties a program of work is determined by the representatives 
of the bureau and the extension agents. The club agent’s program of 
work is such ‘as to harmonize with this county program. 

The work of the county club agent is financed co-operatively by the 
U.S. Department of Agriculture, the Michigan Agricultural College and, 
in a majority of cases, by the county farm bureau. The local club 
leaders do not receive any salary for their work. Often, however, a 
member of the farm bureau executive committee is a local club leader. 
In certain counties, one or more members of the executive committee will 
be designated as being responsible to the executive committee for the 
club w ork of the county. 


CLUB CAMPS, FAIRS, TRAINING SCHOOLS. 


The Second Annual Club Camp for club members of the Upper Penin- 
sula was held at the College Experiment Station at Chatham on August 
8, 9,10 and 11. One hundred club members and 10 leaders attended the 
camp. Features were the poultry demonstrations, live stock judging 
contests, trips through the Experiment Station grounds, camp fires, Classes 
for both boys and girls, and the big club parade on Farmers’ Round- Up 
Day. The College, through the offic ials at the Station, co-operated in 
supplying camping facilities, stock as prizes in the judging contests, ete. 

Training Schools for club pees were held at M. A. C. during Farm- 
ers’ Week. on Feb. 1, 2 and 3, 1922. To this school came 36 club agents 
and local leaders. Mr. rate Ti. Hobson of the Washington office added 
much to the success of this meeting. 

The Seventh Annual Training School was again held at the College on 
June 26 to 30, 1922. Club Agents and prospective club leaders from both 
the upper and lower peninsulas enrolled. This combined training school 
and conference has become one of the outstanding gatherings of club 
leaders from throughout Michigan. 

Through the co-operation of the Department of Public Instruction, 
training schools for prospective club leaders were held in the county 
normal “training classes in Mason, Allegan, Barry, Arenac, Lenawee, Cal- 
houn, Gladwin, Eaton, Ontonagon, © ‘heboygan, Clinton, Ingham, Genesee 
and Saginaw counties, and at the Teachers’ College at Detroit. In these 
schools "307 prospective club leaders received training for their work. 
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STATISTICAL SUMMARY OF RESULTS. 


Number of 
Project. Seater of Enrollment. | members ee uf 
clubs. rencriie: products. 

SO ETEM Od pee eR oe cota te Coston stars oe eee ed cis aie ciel ae Ree 22 126 94 $3,188 60 
[ea RAS Ra ago AO REEr Ee BUG ASL Oo GRE ICSI: seni cee are 18 97 69 3,191 67 
‘CROHIT e CAS Se BC an A ei nO oe aoe eS fee 199 6, 667 3,578 30,823 87 
EIPMRDREOCIT pec erica erase arate gra asttereretere ek rath. varet erated Obie wara/aiat areca tel hatte 71 621 501 20,819 87 
Peewee CAKE GE a rsy ete fSyctucr arate ots bohora tv acanadetereva Biers. safe nasties 18 97 60 9,160 70 
UTE CE aie aH ae ee SOAS GORD AICO SE ROLES OA SER T eaeea e 12 136 102 13,719 00 
Biarmyahiclieh eps one 2 SEneee hiaee ie eae eet tak sean cee ae le Shs 6 64 58 8,767 48 
COLETTE EG PLAT a SO I a eee ae 1 12 1 4,865 00 
Thai 7] O28 eee a Se RR NSE CT SNA ae 2 52 37 3,328 28 
(EAC SA nee OUR ETS BOO GO TD SOO I BAM On ict: ETSE Oc Oeics ean 4 40 38 2,120 20 
REIREIRV ARE cia lst ova, tater aye ce or hecdi Sree cnclolo aie Sion sic Ste Geel a'e isle aie ave 51 501 303 8,294 26 
(CACTTYE Shs SSeS ee (ARR Ane AAA bie one eid aerate reer eto 104 1,744 1,307 28,859 56 
ICME C IAEA INO Nee ee aero, Wen ieee aan s aco e stan s\o)a°% del eee a 10 105 70 1,106 60 
Gopher eee Pe Pea PRT ra TOO o's ain ee estate 296 3,174 2,213 11,700 46 
CUCy TY LID Ch wan EDOM sc cheer a tence aeteye © clapypaaoke oma Me «cle eles 3 23 23 62 00 
ERSTE ERE GR eee Cian eRe eee a ee re aa chat tase an 175 1,667 966 5,569 90 
TRC wae te Be Gea APE Opes Ge COLI ARS eRe CCE TADS OE APES Ea ace ea 4 49 27 1,029 65 
Lai HTC Dee ee IRR RA SLA Bia hep BRC Rata SE Med eaten 168 3,336 2,170 5,614 58 
ANovtells ares e eee ners. 3 Sei bles cicorae icine eae e crass Saree reCRe Snes 1,164 18,511 11,627 162,221 68 


REPORT OF COUNTY AGRRCULTURAL AGENTS 


BY THE DIRECTOR IN ABSENCE OF STATE LEADER. 


The data available for this report covers the year ending November 30, 
1921, and is taken from the annual reports of the county agricultural 
agents which were submitted to the United States Department of Agri- 
culture on that date. The position of County Agent Leader was yacant 
during a part of the year.. Consequently, the greater part of the leader- 
ship in the making of plans of work in the various counties has been 
given by the various subject matter specialists. Necessarily, this sitwa- 
tion has resulted in an unbalanced program in some cases, the emphasis 
being in proportion to the energy and aggressiveness of the specialists 
rather than in accordance with the importance of the projects. 

The state program of work in agriculture carried out through the county 
agents is a result of year by year development. Each year may add new 
details and projects or abandon old lines of work. Emphasis may change 
from one project to another or from one view point to another according 
to financial conditions or other influences. The most actuating influence 
is the general feeling and opinion among farmers which is felt through 
their demand for service along one line or another and their Iack of 
interest shown toward others. General demand and public opinion are 
moulded in a measure toward broad policies which are felt to be sound 
and important to the ultimate welfare of agriculture and rural life. 

The most pronounced element entering into the agricultural program 
was the development of co-operative marketing machinery. The building 
up of commodity co-operative exchanges for the important industries of 
the State was the goal set for the year. In close association with this 
movement and greatly aided by it was a program of production based on 
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standardized articles. The general policy of elimination of waste in 
production and distribution has been made effective in all projects. 

These policies heave been felt out on a state-wide basis through district 
conferences of agents who bring with them a consciousness of the needs 
and wishes of the residents of their areas. Definite expression of the 
major ‘policies was presented to the annual meeting of the State Farm 
Bureau and recognition and support was given to at least the program of 
market organization. 

In the execution of this organization program, the State Farm Bureau 
has co-operated fully with the Extension Service in building up the local 
units and federating them into commodity exchanges. This CO- operation 
consisted in full discussion of each step in the plans, assistance in organ- 
izing local co-operative units and finally assuming of the responsibility 
by the State Farm Bureau for the calling of state-wide meetings of repre- 
sentatives of locals for purposes of federation. 

As local co-operative units grow in number and strength, their influence 
in working out programs and plans of work is being felt through the 
County Farm Bureaus. The County Executive Committees of the. Farm 
Bureaus are in such matters sensitive to the needs and wishes of the 
local marketing associations because it is often through these locals 
that the actual work is accomplished. In many counties marketing 
locals are being given representation on the county farm bureau com- 
mittees. 

The county farm bureaus of Michigan have abandoned business activi- 
ties and have become, with few exceptions, purely educational organiza- 
tions for carrying on promotional work in the interests of agriculture 
and home life in “the country. The executive committee of each bureau 
is the extension committee through which the county agricultural agent 
with the assistance of state leaders works out the plan and program of 
work for the county. The execution of the program is accomplished 
through a number of methods. The period of development through which 
county farm bureaus have passed has caused lack of uniformity in ergan- 
ization. Many bureaus are still dependent upon the township unit system 
for representation. This plan merely serves to elect delegates once a 
year to a county meeting for purposes of electing officers, executive com- 
mittee and giving general advice on program of work. In such bureaus, 
the executive committee is in full power throughout the year to direct pro- 
gram and plans. Other bureaus are formed on the basis of representation 
selected by local co-operative marketing institutions. This is proving 
more satisfactory because the local economic institution is permanent 
and represents the great majority of the people. The business local also 
has associated with it the strong leaders of the area and gives the whole 
bureau a setting of power and stability. It must be emphasized, however, 
that county farm bureaus controlled by representation from business 
institutions are educational in character and function as an extension 
machine. The service which the central county bureau extends to the 
business locals is entirely eduational and not one of busiiress control. 

It is anticipated that the number of counties employing agents in 1922 
will increase to 67 or 68. No counties now in operation are likely to be 
discontinued for any length of time. Salaries of agents will decrease, 
but not seriously enough to lose good agents. The apparent trend of 
emphasis will swing toward production, not because of lack of interest 
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in organized marketing, but because organized farmers will feel the need 
for standardized quality products and also because the experience gained 
through being organized and feeling responsibility and some power of 
action is stimulating progressiveness and thoughtfulness. 


Statistical Summary of County Agricultural Agent Activities. 


30 counties report 85 drainage systems planned, draining 21,556 acres. 

52 counties report 23,979 farmers using 27,737 tons of commercial fer- 
tilizer. 

46 counties report 3060 farmers using 58,757 tons of limestone. 

35 counties report 5768 farmers treating seed wheat. 

36 counties report 6365 farmers treating seed oats. 

45 counties report 3799 farmers treating seed potatoes. 

54 counties report 3814 farms on which alfalfa was introduced. 

55 counties report 2417 farms on which sweet clover was introduced. 

51 counties report 8617 farms using 724.485 pounds of poison for insect 
control, 

29 counties report 5633 farms on which fruit trees were pruned. 

32 counties report 5700 farms on which fruit trees were sprayed. 

45 counties report 378 registered bulls secured. 

12 counties report 14 cow testing ass’ns were formed in 1921. 

27 counties report 266 silos erected. 

34 counties report 69,300 animals tested for T. B. 

19 counties report 23,973 hogs vaccinated for cholera. 

14 counties report 66 farmers assisted in control of abortion. 

22 counties report 210 farms introduced bees. 

24 counties report 49 live stock shipping ass’ns with a membership of 
1020 organized. 

51 counties report 1039 farm account books distributed. 

10 counties report 10 farm loan ass’ns formed. 

59 counties report 510 co-op. buying & selling ass’ns formed, with a to- 
tal business of $28,318,502. 

20 counties report 68 water systems planned and installed. 

29 counties report 89 sewage systems planned and installed. 

16 counties report 54 lighting systems planned and installed. 

61 counties report 22507 farm visits made. 

61 counties report 412,748 people attending meetings. 

61 counties report 42 counties publishing a paper regularly. 
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REPORT OF CLOTHING SPECIALIST. 


BY HELEN ARMS. 


The clothing work in Michigan during the past year has consisted of 
two principle projects: that of the dress form which has carried over 
from last year as strong as ever, and the millinery work which has grown 
very rapidly and become most popular. 

The dress form work has been carried into sixteen counties this year 
following the same plan of organization of last year, i. e., local Jeaders 
from different communities in the counties were taught how to make 
the dress form, these women in turn went back to their own communities 
and taught other women. In this way it has spread more rapidly and 
reached many more people. At least three thousand dress forms have 
been made this year. The women have placed a value of at least $10 on 
the dress forms, making the total value of $30,000. 

Thirty-four local leader millinery groups have been held this year. 
These have also been worked out on the same plan as the dress form 
meetings. Local leaders have been trained to carry on the work. The 
work has consisted of making new hats as well as the renovating of old 
hats. At these training schools 217 hats were made with a saving of 
$601.16. Definite reports have not come in as yet from many of the 
local leaders as to the number having been made in the different commu- 
nities, although one leader did report twenty hats made. 

From one community the report came back that the women are now 
wearing the best looking hats they ever had and with less expense. Special 
training work in millinery was given the home demonstration agents at 
their conference in January by the Specialist. Since that time nearly 
every home demonstration agent has carried on the work in her county 
as a main project. Many talks and demonstrations have been given by 
the Specialist on clothing topics such as textiles, color and line, alteration 
of patterns, etc., especially in the counties without home demonstration 
agents. 

During Farmers’ Week in February an exhibit of children’s clothing 
was put on each afternoon by the Specialist in co-operation with the 
Household Arts Department. An exhibit was also selected and prepared 
for the mid-winter meeting in Menominee. 

Every home demonstration agent has endeavored this year to spread 
the work in her county more efficiently and more effectively through the 
efforts of trained local leaders. Many more meetings have been held by 
the State Specialist for the purpose of training local leaders than ever 
before. The women are beginning to understand why it is necessary to 
carry on the work through local leaders, and there has been some rivalry 
as to who would be elected by the local people to go for such training. 
It is now considered an honor and a privilege to be sent to such a meet- 
ing for advanced work. 
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REPORT OF EXTENSION WORK IN DAIRY HUSBANDRY. 


BY J. A. WALDRON, A. C. BALTZER, H. E. DENNISON. 


Dairy extension work during the past year has been carried forward 
along somewhat different lines than in the past. In addition to the reg- 
ular work of organizing and supervising cow testing associations, a pure- 
bred sire train was operated during August in co-operation with the 
Michigan Holstein-Friesian Association, and the Michigan Central and 
Pennsylvania Railroads. Intensive county dairy and alfalfa campaigns 
were also put on during the winter in place of the extension schools 
formerly held. These campaigns have proved very effective and the 
concentrated effort put forth in this way has resulted in a: number of 
new cow testing associations with prospects for more, as well as for a 
number of co-operative bull associations. It is felt that these associations 
bring home to ‘the farmer the principles of better dairying in a way that 
assures their daily application. The purpose is not increased production, 
but more efficient production. 

More help has been given this project than in the past. A.C. Baltzer 
and J. A. Waldron have been employed full time, except for four months 
during the winter when the latter was unable to do field work because 
of ill health. H. E. Dennison has been giving full time to the project 
since December 1st ‘and Prof. O. E. Reed and 8. J. Brownwell of the 
Dairy Department have given especially valuable help at several differ- 
ent short periods during the year. 

July 1st, 1921 there were eleven co-operative cow testing associations 
in Michigan with a membership of 235 farmers owning 2785 cows. 

Sixteen co-operative cow testing associations were operating in Mich- 
igan July Ist, 1922 and were as follows: 


Livingston County Co-operative Cow Testing Association. 
Lapeer County Co-operative Cow Testing Association. 
Western Allegan Co-operative Cow Testing Association. 
Wayland Co-operative Cow Testing Association. 

Wayne Co-operative Cow Testing Association. 

Northern Van Buren Co-operative Cow Testing Association. 
Oceana Co-operative Cow Testing Association. 

Kent Co-operative Cow Testing Association. 

Newaygo Co-operative Cow Testing Association. 

Parma (Jackson) Co-operative Cow Testing Association 
South Van Buren Co-operative Cow Testing Association. 
Emmet Co-operative Cow Testing Association. 
Kalamazoo Co-operative Cow Testing Association. 

Eaton Co-operative Cow Testing Association. 

Calhoun Co-operative Cow Testing Association. 

Rives (Jackson) Co-operative Cow Testing Association. 


There were in these sixteen associations July 1, 1922, 379 members 
owning 3989 cows. 
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In addition to the sixteen associations already operating there are 
four others organized that will be started within a month or as soon as 
competent testers can be found. These are located in Macomb, Calhoun, 
Berrien and one in Kalkaska and Antrim counties. A number of other 
counties are organizing associations so that there will undoubtedly be a 
material increase during the year. The increase may be limited somewhat 
by the lack of well trained competent testers. 

Considerable interest has been manifested in co-operative bull associa- 
tion work. Bulls were purchased co-operatively in several cases along the 
route of the Better Sire Train on which purebred Holstein bulls were 

carried for sale and exchange. Groups of men in several counties bave 
bought sires co-operatively during the year. No association of three or 
more bulls has been organized. Interest in this work is such, howeyer, 
that several may be organized during the next year. 

It would have been impossible during the past year, as at all times in 
the past, to have carried on the dairy extension work without the loyal 
support of the County Agents. This has been especially true during the 
past year in putting on the Better Sire Train and the Dairy and Alfalfa 
campaigns. Also as the number of cow testing and bull associations in- 
creases in the future, as in the past, the existence and successful opera- 
tion of these associations will be due in a large part to the loyal support 
and timely aid of the County Agents in the counties in which they are 
located. 

The following table gives a brief summary of the field work in Dairy 
Extension from July 1st, 1921 to July ist, 1922. 


: : Attendance 
Meetings i Meetings : 
ttendance at meetings 
attended. addressed. aadecset 
Conventions—State: 

Local—Cow Testing Association... ........0.cccesccecccccccecs 16 472 16 412 
Local-—Bulll Associations. rics foo fosnccen sche vines slo wales Aeteele Ny 183 6 183 
Local—Breeder’s and Dairymen’s Association...................- 12 545 11 485 
Local—Creamery..........-.- See dots ainic Vets mice idan Cicerone 2 275 2 295 
Tiecal—VarmyBureniacrs sob rise acetic ee okie cee ore ke re ees CIae 2 AQ) |. tetoc nee tee Herein eer ee 

Local—Markeb Milks: 25 Sectet ass caerss sles stajerttaeie atalsientooie 1 75 2 45 
Toos1—General Farmers and Business Men s..... «.sscsts.c « »<ieleie'eo aotall lem lestetore cate sil!s oie « evasele esole lf exeishete eto oresclelalliceteceeieste eee 
Betterpireslraini.t. coe cee ee ae eect ace aot aes dascebeiee 55 14,524 55 14,524 
Dairysand’ Alfalfa Campaigns’ . civics eiiacnc.acivaew nasi as cece > Siete 634 12,808 634 12,808 
Demonstrations—sudgeingie.a shee atone ienice ah cclbiac ee eene 387 4,400 384 4,400 
Hixhibits—otate Baits. osc. oseecee siete oseaee eee es reanten de otal eee DF Pe eenen emt iy em ioeks carers 
TLocal—Boyssand. GirlsiClubi-. saeco. styaesiecinns see ae nme acitoes 1 75 1 75 
Local—Community.>) 6.26) 2s ec eR Ee Grn Sd ocd insn Site a al eee eteiat e ctate als As 5.5 a:cvalacuors fltyeaie' sickle oe ol wmcerepetctelenete 
Conferences—County Club Leaders: ck « «cs /avicresteie's cle ns aisles octet Bineteetate mine cay cle.oho = ore wie oselall civloie lela ote a 1¢|||svetave ements 
Wonferences— Cow Teatere sc oc Gajod asain eo aie eke Site ake Sie SiGe ea Te Tee elerees || icton se faunal eve rain ata cael tate (Sreeate eee etna 
Dairy SVOUURs ss 27. <ccaricteiecoe s a86 saCeaNe ears Unis EEL PEER eats oe 4 50 4 50 
Haron Visite Ay. ects ereteaes bie ecto oe erans aceraeaas nee sonar QOD SS isicieic seiche s coer) aiotetortte ete ecarsl| statatat tere ee 
Rxhibits—Dairy: Conventions <2. cicteeiteimnaia cee riteiaciceee a cles 24S Er 9 ferries Se ern 3 el Advan paige oS 
Demonstration—Babcock Test.............2cceeceecceecetecees 1 75 1 75 


—————____ | | __ _e*e 


Mata lity eprcia bisinpc hs cistssscs cwaie eid MEA ere eto eral diet on ee 1,550 33,552 1,116 33,352 


EXTENSION DIVISION. 261 


REPORT OF EXTENSION WORK IN DAIRY 
MANUFACTURES. 


BY H. C. JORDAN. 


Extended efforts will be necessary among cheese makers of the State 
to educate them to the need of making better quality American or Ched- 
dar cheese. Cheese made at the present time, especially in the Lower 
Peninsula of the State, is entirely too moist and spongy to be a safe 
article of commerce and cannot be cured properly without developing bad 
flavors and weak body. 

Forty-eight factories were visited (since March 1) and individual in- 
structions given to forty-eight cheese makers to improve the quality of 
cheese by eliminating excess moisture, the use of pure lactic cultures 
recommended to overcome gas producers and other undesirable bacteria. 

Moisture tests of cheese have been made so far at twenty factories to 
determine the relation of moisture to the general quality of cheese. This 
work will continue with a view to educating cheese makers to produce 
firmer cheese, instruct them in the use of the moisture test, and, finally, 
limit the moisture content of cheese by law. 

Work for the present must necessarily be confined to getting cheese 
makers to realize the need for improvement in the quality of their product. 
To some extent, this has been accomplished, but competition between 
milk buyers is keen, and the temptation of increasing yield by incorporat- 
ing an excessive amount of moisture will probably have to be stopped 
by law, limiting moisture in cheese by legislation. 

Work will continue along these lines during the coming year, and 
efforts will be made to obtain co-operation of cheese dealers to get proper 
grading of the cheese and pay for them according to quality. 

This work has been conducted with 28 factories. 


REPORT OF EXTENSION WORK IN ENTOMOLOGY. 


BY R. M. HAIN. 


The month of July was spent in the Upper Peninsula in demonstration 
of the use of poison baits in the control of grasshoppers. These insects 
were very bad at that time, many farmers even lost their hay crops. This 
work was continued into the fore part of August, the time being spent 
largely in the field. 

The grape district around Lawton and Paw Paw was then visited to 
follow up the measures taken earlier in the season against the grape leaf- 
hopper and grape berry moth, noting the success of the treatments that 
had been applied earlier in the season. 

The demonstration of a repellant against the flat headed apple tree 
borer was taken up at that time and applications made. 
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During September and October some time was spent in the giving of 
advice against the Hessian fly in the field and a demonstration of para- 
dichlorobenzene was started against the peach tree borer. This treatment 
for peach tree borers seems to be successful so far as one can judge at 
the present time. 

Some time was also spent during this period in the corn fields of Wayne 
county in carrying on an educational campaign against the European 
corn borer. 

The first two weeks in September were spent in preparing for and 
attended the State Fair at Detroit, where an effort was made to exhibit 
noxious insects and to demonstrate their control. 

Later a trip was made through part of the northern part of the Lower 
Peninsula to collect information on the recent grasshopper outbreak and 
to confer with the County Agents on any insect troubles they might have. 

After this the time has been occupied with the winter meetings and 
talking on insect control up to April 1, 1922. These meetings were well 
attended in all cases. 


REPORT OF EXTENSION WORK IN FARM CROPS. 


BY J. F. COX, PROF. OF FARM CROPS; G. W. PUTNAM, SPECIALIST; H. C. RATHER, 
SPECIALIST, D. F. RAINEY, SPECIALIST. 


The demand for extension work has increased to the extent that it is 
not possible to meet all requests for service with the staff available. The 
careful development of leading projects has, we believe, led towards 
greater efficiency in work performed. 

Mr. G. W. Putnam was placed in charge of the general crops extension 
projects April 1, being transferred from the position of Crops Experi- 
menter, assigned to the Upper Peninsula. The alfalfa and legume cam- 
paigns begun last fall have occupied a large part of his time. Mr. Putnam 
is also in charge of the direction of the field inspection work of the 
Michigan Crop Improvement Association, and the release of new varieties 
from the College increase plats. 

With the resignation of Mr..A. L. Bibbins, January 1, 1922, to become 
Manager of the Seed Dept. of the Grange League Federation Exchange 
of Syracuse, N. Y., Mr. H. C. Rather was elected Secretary of the Mich- 
igan Crop Improvement Association and placed in charge of the crops 
varietal standardization project. The close co-operation with the Farm 
Bureau Seed Department has greatly increased the influence of the Crop 
Improvement Association. 

Crop demonstrations and varietal tests, handled by Mr. D. F. Rainey, 
have proved to be of great value in aiding in the dissemination of crop 
varieties according to adaptations. In many counties, the alfalfa cam- 
paign work is made particularly effective, due to the presence of carefully 
planned alfalfa demonstrations planted one or two years before. 

The demand for crop exhibits at County Fairs, the State Fair, and the 
International Grain and Hay Show, required considerable preparation 
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along that line. Mr. H. C. Rather, assisted by members of the Farm Crops 
Department, handled this work. 


Alfalfa and Legume Campaign. 


Owing to the success which alfalfa growers have met with during recent 
years, and from the standpoint of permanent soil benefit, and the live- 
stock situation in Michigan, it was deemed advisable to greatly increase 
the acreage of alfalfa. ‘Tn most localities alfalfa is a “key crop”. Not 
only is the growing of this crop directly profitable, but the indirect 
benefits are very eveat. The successful production of alfalfa necessitates 
liming, the use of phosphate, etc., and leaves the land in excellent con- 
dition for growing general crops. It is also of great value in cheapening 
and bettering livestock feeding rations. 

A state-wide alfalfa campaign was announced in August 1921. The 
work was placed on a county basis being conducted either in co-operation 
with the Dairy Department as a “milk and alfalfa” or as a straight 
“legume” campaign. The “milk and alfalfa” campaign, beginning Octo- 
ber 29 to November 5, held in Allegan county, was led by two teams, 
each composed of one man from the Farm Crops Department and one 
from the Dairy Department, each making four meetings per day with one 
night meeting. The meetings were held in barns during the day-time and 
in grange halls and other campaign meeting places at night. Over two 
thousand four hundred farmers attended these meetings and it was esti- 
mated that the alfalfa acreage in Allegan county had increased to three 
thousand acres—over 0% ‘0 during the past spring. 

Alfalfa “campaigns” were conducted in eighteen counties, though prac- 
tically all county agents encouraged the extension of the alfalfa and 
legume acreage as a main project. Apparently, the alfalfa acreage has 
increased. to the extent of two hundred and seventy-five thousand acres 
during the past year. Most of the farmers estimate ‘that successful grow- 
ing of alfalfa on land will increase its value from twenty to forty per 
cent. Allowing an increase of $10 per acre in land valuation, it is not 
unreasonable to believe that the increased plantings of alfalfa will benefit 
the State by at least $2,000,000 due to the added land valuation. ‘The 
great increase is in added profits equal to at least one ton of extra hay 
per acre worth from $10 to $15 per ton, or an additional two million 
dollars or more. 

The chief benefits of alfalfa come through direct profit from the crop 
and more economical feeding of livestock. It is reasonable to believe 
that an increase of over two hundred thousand acres, placing the alfalfa 
acreage of Michigan over five hundred thousand acres, will result within 
a year in added returns of from four to eight million dollars, with in- 
creasing future returns due to increased amounts of livestock carried 
per farm, increased milk production and increased yields of the crops 
following alfalfa. The establishment of a successful stand of alfalfa 
pays not only immediate profits, but substantial dividends distributed 
over many years. 

Proper methods of establishing successful stands of clover, red clover, 
alsike, mammoth, and the value of other legumes, such as vetch and soy- 
beans, were emphasized in regions where these crops are needed and 
adapted. Legume campaigns will be conducted during the coming year 
in the potato, bean, sugar beet, canning crop producing counties and 
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livestock counties. All members of the Farm Crops Department, in ad- 
dition to the regular Extension men, are aiding in the alfalfa work. 

The immediate success of alfalfa and better clover campaigns were 
made possible, largely due to the excellent seed supplied in quantity from 
dependable sources by the Farm Bureau Seed Department. Over two 
hundred and eighty thousand pounds of Grimm alfalfa and approximate- 
ly three hundred thousand pounds of northern grown common have been 
distributed in Michigan. Home-grown alfalfa seed played an important 
part in increasing the acreage in many counties under favorable seed 
producing conditions of last. year. Over 150,000 pounds of Michigan 
grown alfalfa seed was used in Michigan, the first time that home-grown 
seed was of importance. 


CROP VARIETAL STANDARDIZATION. 


Mr. H. C. Rather reports as follows: 


The work of crop improvement in Michigan is carried on in close co- 
operation with the Michigan Crop Improvement Association, the Seed 
Department of the Michigan State Farm Bureau, and County Agricultural 
Agents and their supporting organizations. During the past year, there 
have been held demonstrations in seed production, selection and im- 
provement with more than 300 farmers. Along with these demonstrations 
there has been given information concerning proper cultural practices, 
treatment for disease, and various other matters relating to crop produc- 
tion which make for greater efficiency and economy in this phase of 
agriculture. 

Seventy-five of these co-operators successfully met the pedigreed seed 
requirements of the Michigan Crop Improvement Association and thereby 
made available 10,000 bushels of Rosen, 6,500 bushels of wheat, 14,000 
bushels of oats, 2,000 bushels of barley, 3,000 bushels of beans, 1,000 
bushels of soy-beans, and 1,500 bushels of corn, grown from improved 
varieties developed or approved by the Michigan Agricultural College, 
practically all of which was used for seed purposes. In addition, thous- 
ands of bushels of seed of these varieties, but a generation or so removed 
from certified seed, were planted and are exerting a potent influence for a 
more profitable crop production. 

A mailing list of 700 including farmers, county agricultural agents, 
elevator and seed houses, received from this department during the year 
six news-letters, eight printed circulars along with other matter relative 
to seed improvement. The circulars have a wide dissemination other 
than the regular mailing list and 5,000 copies of each were sent out. 

The message of better seeds was carried to visitors at county fairs all 
over Michigan. Standard exhibits on improved varieties, weed control 
and other seed topics were furnished to thirty-eight county fairs by rout- 
ing them over five different circuits and a larger ‘and more comprehensive 
exhibit, attended by crops specialists, was shown at the Western Michigan 
Fair at Grand Rapids and the Michigan State Fair at Detroit. 

An exhibit extending over 68 feet of wall space and showing the co- 
operation of the Michigan Agricultural College and the Michigan Crop 
Improvement Association in “the development and dissemination of im- 
proved crops varieties was shown at the International Grain and Hay 
Show in Chicago. Michigan farmers themselves, most of whom had re- 
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ceived instruction in the production and preparation of quality seed 
from extension workers in this department, made numerous entries at 
this show with gratifying success ‘particularly in the rye class where 25 
out of the 30 awards went to farmers in Michigan. 

The annual Seed Show of the Michigan Crop Improvement Association 
held during Farmers’ Week at the Michigan Agricultural College brought 
out keen competition and served to refix in the minds of growers the 
standards that make for efficient quality production. 


PROGRESS OF WORK IN THE INTRODUCTION AND INSPECTION OF 
VARIETIES—REPORTED BY MR. G. W. PUTNAM. 


The following improved varieties were released from the Experiment 
Station increase plats: 

There has been distributed seven hundred pounds of elite stock seed of 
Improyed Robust beans to twenty-nine growers for increase and trial. 
Twenty-one bushels of elite stock seed of Duncan corn has been released to 
twenty-one growers, eleven bushels of. M. A. C. Yellow Dent to twelve 
erowers, eleven bushels of Golden Glow to twelve growers and in addi- 
tion several bushels of these three varieties of corn were released through 
the Michigan State Farm Bureau Seed Department. Twenty pounds of 
the new Hardigan alfalfa was distributed to twenty-six growers. 

In the release of this elite stock seed of these various varieties careful 
arrangements have been made to have it inspected to maintain its identity. 
A new system has been put into practice which follows the suggestions 
of the International Crop Improvement Association, which was reported 
at their third annual meeting at Chicago. 

The new system recognizes that there should be three’ classes of seed, 
elite, registered and certified. The elite and registered will be the source 
of seed for seed production while the certified will be the source of seed 
for crop production. By this system it is hoped to be able to give the 
farms of Michigan and adjoining states a source of seed of superior quality 
and at a reasonable price. 

Applications for inspection on 165 farms have been received to date 
for pedigreed grain, distributed as follows: 


FLORCED Eee rats site stale Aes <a = ee aie SAE Cae pete ies ie eae 59 
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Applications for corn, beans, soybeans, Hubam clover and Hardigan 
alfalfa have not yet been received, but should total over one hundred 
and twenty-five. 
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REVORT OF CO-OPERATIVE VARIETY DEMONSTRATIONS, 
BY D. F. RAINEY. 


Perhaps of greatest importance is the establishment of alfalfa variety 
demoustrations of which eleven have been planted and six more are to 
be planted this year. These serve a double purpose, first, showing the 

value of the variegated varieties over common strains, and second, the 
methods of obtaining successful stands of alfalfa. 

To aid the farmers of Michigan to determine what place Hubam clover 
may occupy in our farming practices, 375 pounds of Hubam was distrib: 
uted in 15 pound lots. Usually, an equal amount of Biennial White 
Blossom sweet clover was sent so that the growth of the two clovers 
could be compared when growing under similar conditions. 

Hight counties have soybean variety demonstrations, containing seven 
leading varieties, planted this year, the object of such demonstrations 
being to determine the highest forage yielding varieties for different sec- 
tions. Many farmers are unfamiliar with the different varieties and their 
habit of growth and these demonstrations furnish the farmer an oppor- 
tunity to see some of the varieties growing side by side. 

The Robust field bean, which has consistently proved the highest yield- 
ing variety at the Experiment Station, is used as a check in the three 
counties conducting field bean variety demonstrations. In the past, 
the Robust has almost invariably out-yielded all other varieties including 
those grown locally. 

In two counties we have oat and barley demonstrations. These demon- 
strations include the best developed by the College, as well as those 
being grown locally. The pedigreed varieties have proved to be the 
highest yielding ones. 

Phere are five wheat variety demonstrations to be harvested this year. 
These demonstrations include some of the best known wheats of Mich- 
igan and Ohio, as well as local varieties, and new ones recently developed 
by the Experiment Station. These demonstrations are expected to de- 
termine the adaptation of varieties to different localities. 

Attached herewith is a map showing locations of these demonstrations. 
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During the coming year the legume campaign work will be continued in 
counties which have not as yet been reached. The main projects here- 
with outlined will be followed through along similar lines. We expect 
to devote more attention than usual to corn improvement by increasing 
the supply of high quality seed of the best yielding varieties. 

The number of inquiries received from farmers by mail relating to 
crops question has greatly increased. Eleven thousand four hundred 
and eighty first class letters were written by Experiment Station and 
College workers in the Farm Crops Dept. and eight thousand, four hun- 
dred and seventy-five first class letters by Extension men in Crops, or a 
total of nineteen thousand, nine hundred and sixty-one letters in answer 
to crops inquiries. In addition, a large number of inquiries were answered 
by appropriate bulletins or circulars. 
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The Extension Specialists in Farm Crops and members of the Crops 
Department who are co-operating with them, highly appreciate the help 
and co-operation of the members of the Extension Division and of the 
County Agricultural Agents, 


REPORT OF EXTENSION WORK IN FARM MANAGEMENT. 


BY H. B. KILLOUGH. 


Farm management demonstration work for the past year has been di- 
rected along three principal lines: Farm accounting, farm credits, price 
movements as they affect agriculture. 


Farm Accounting: 


Twelve hundred and twenty-five farm account books have been sold to 
farmers since July 1, 1921. Indiscriminate sale of books to farmers who 
were unlikely to use them has been avoided in so far as possible. 

Farm | accounting courses have been introduced into ten Smith-Hughes 
Schools. The method of having farm boys and girls use for laboratory 
exercises accounts which they keep on their own. home farms, is growing 
in popularity. 

Follow-up work in farm accounting has been conducted through the mail 
and by personal visits. 


Farm Credits: : 


Farmers, county agricultural agents and bankers have been furnished 
with facts to show farm credit needs and returns from the several classes 
of farm investments and expenditures. The facts were obtained from 
cost accounting routes conducted by the Experiment Station from farm 
records kept by farmers in co-operation with the College and from farm 
management surveys. A survey was made in connection with farm ac- 
counting schools covering appr oximately 465 farms in fifteen counties. 


Price Movements as they affect agriculture: 


During the fall and winter months a regular service dealing with price 
trends and factors which influence price movements was sent to all county 
agricultural agents. This service seemed to meet with general approval. 
One hundred and sixteen applications from farmers who wish to be placed 
on the Washington mailing list for Crop and Market Reports have gone 
through this office. \ 


Publicity: 


Ten general news articles and eight stories for farm papers of the State 
have been published besides publicity material sent to the various counties 
for farm bureau bulletins and in addition to exhibits prepared for the 
State Fair, Annual meeting of the State Grange, Farmers’ Day and Farm- 
ers’ Short Course at the College. 
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At the present time, a series of pamphlets is being prepared in co-opera- 
tion with the Experiment Station force of the F arm Management Depart- 
ment and other departments, for farmers and others who are seeking 
agricultural opportunities and who are interested in concise summaries 
of the financial transactions. and economics of various types of farming 
practiced in Michigan. 


REPORT OF HOME DEMONSTRATION WORK. 


BY LOUISE H. CAMPBELL. 


Three counties have been added to home demonstration organization 
during the past year: Marquette, Saginaw, and Gladwin. The women in 
Houghton, Schoolcraft and Menominee counties voted in May at their 
county-w ide home demonstration meetings to ask the Board of Supervisors 
in October for an appropriation to reinstate the work in their respective 
counties. The county Board of Supervisors in Dickinson and Chippewa 
counties voted to discontinue the work, because of financial conditions. 
The women of Dickinson county, however, are going before the Board of 
Supervisors in June, and hope to haye the work reinstated by July first. 


Organization for work in home and community 


The organization is carried on similarly to that of last year. In coun- 
ties having home demonstration agents, each township or community has 
a committee composed of a chairman and four others. The chairman of 
this committee is to be elected by the women of the township or community 
and she selects the other members of the committee for her township. The 
chairmen of the various township committees at the time of their annual 
meeting, select three or five of their members to act as a county executive 
committee of home demonstration work. The chairman of this committee 
serves in many of the counties as a member of the executive committee of 
the County Farm Bureau. 

Every home demonstration agent is endeavoring to strengthen the 
county organization work and to encourage the women to greater activity 
in home demonstration work, and as a result the women this past year 
have become more and more interested in local leader training meetings 
and are electing their county, community, or local project leaders for the 
various types of work which they have chosen for their program. The 
women have sent in more reports than formerly, and their response has 
been most gratifying. 

Home demonstration work has been brought before the public through 
lectures, demonstrations, exhibits, newspapers, Farm Bureau News Let- 
ters, and the local leaders themselves. 

A state-wide conference of agents and specialists was held in January. 
“Subject matter” was stressed at this meeting. Two district conferences 
were held at which “methods” were discussed. Miss Grace, E. Frysinger 
of Washington, D. C. spent a week at the College at the southern penin- 
sula district conference. Much benefit was derived from these Conferences, 
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The State Leader feels that a great deal has been done this past year 
to stabilize the work. The women are more persistent in their demands 
for the assistance from the state officers and for assistance in organizing 
the county in securing the services of a home demonstration agent. 

Special attention has been given to publicity and articles have been 
written for the Michigan Farmer, Lansing State Journal, and Farm 
Bureau News Letters. “Atte active posters have been made by the school 
children in schools where the nutrition series has been given. 

Special co-operation in nutritional work has been given by the county 
agents, public health and Red Cross Nurses, school teachers, editors, 
ministers, the Grange, women’s clubs, and local community clubs. 


Nutrition 


Nutrition work this past year has been carried on through food study 
groups, individual home demonstrations, children’s clinics, nutrition 
series, lectures, lecture-demonstrations and exhibits. 

The home demonstration agents have organized and worked with many 
more nutrition groups than last year. The women are becoming greatly 
interested in the scientific feeding of their families. Several of the 
agents have worked with the children through home demonstrations. The 
mothers of the children have closely followed the advice of the home 
demonstration agents or State Nutrition Specialist. The work with the 
school children has been a great success. The parents of the children 
have become intensely interested in the nutritional stories. One of the 
county nurses in an unorganized county wrote as follows of the work 
carried on in one of the district schools: “I found them using your nu- 
trition stories enthusiastically, where the ‘story day’ was a village event, 
long looked forward to, the mothers going whenever possible.” 

Instruction has been given in the selection, preparation, and care of 
foods, planning of meals and diet for special diseases. There have been 
so many calls for diets for obesity that the nutrition specialist wrote a 
circular on that particular subject for distribution. 

Hight nutrition stories were written by the nutrition specialist. Rec- 
ord charts were prepared and sent out with stories to the local leaders 
or teachers. The County School Commissioner of Gladwin county stated 
this spring that the scholarship in the schools of that county had in- 
creased 25%. 


Clothing 


There has been a decided change in the type of assistance rendered by 
the Specialist. Fewer talks and demonstrations have been given before 
groups of women, and more help has been given the home demonstration 
agents in the presentation of subject matter and illustrative material. 
A greater number of local leaders have been trained, and, as a result, 
more home demonstrations have been established than ever before. 

The dress form project has been featured again this year through 
popular demand, and has not only proven a worth while project to assist 
the women in fitting their eg garments, but has been responsible for develop- 
ing the health side of clothing work and also has helped to strengthen 
home demonstration work in community and county as well. 

There is still a demand for lecture demonstrations on selection of 
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textiles and clothing. These demonstrations have covered color, line, 
and materials. Practic ‘al household tests for fabrics have also been 
taught. The subject of proper footwear has been popular and when the 
subject was presented it was usually strengthened by an exhibit of the 
proper types of shoes from the nearest shops. 

Millinery work is growing. Thirty-four millinery training group meet- 
ings have been held during ‘the year. The work has consisted of making 
new hats as well as renovating of old hats. Requests have been made for 
training in both spring and fall milliner y. 

The women who have made dress forms are now eagerly asking for aid 
in dressmaking. This, undoubtedly, will be one of the foremost projects 
this coming year. 

The Clothing Specialist assisted with the exhibit at the State Fair 
at Detroit, and during Farmers’ Week co-operated with the Household 
Arts Department, in putting on an exhibit of children’s clothing in the 
Home Economics Building. 

The work has been given publicity through local leaders, newspapers, 
county Farm Bureau News Letters, Michigan Farmer, women’s clubs, 
and the Grange. A great many clothing bulletins and circulars have 
been sent out “into the State from the Home Keonomics Extension De. 
partment. 

The value of the clothing is evidenced by the number and quality of 
reports made by the local leaders, and algo from those unsolicited reports. 
One woman reported as follows: “I have made a dress since I have my 
dress form and certainly think it is just fine. I would not get along 
without one now that I know what they are.” 


Household Management 


The household management work the past year has consisted of: 

1. Home accounts and especially in connection with this, getting the 
housewife to realize the importance of the money value of the food coming 
from 'the farm. ‘Some over thirty who are keeping these accounts handed 
them into this office giving the department some very valuable informa- 
tion in regard to the amount of food which the average farm family gets 
from the farm and the value of the same. Jud ging from the number of avc- 
count books ordered during the year there has “been a decided gain in 
the number who are keeping accounts. 

2. Better arranged kitchens. The Specialist has assisted in rearrang- 
ing about twenty-five farm kitchens this year. The arrangement of 
kitchens for convenience and better equipment and more home con- 
veniences has been emphasized throughout the year at all types of 
meetings. 

Local leader meetings were held in three counties at which time the 

romen discussed the conditions in their counties and made plans for 
making a survey. An article was written for one of the state papers ex- 
plaining how a kitchen might be put on by local committees at county 
_ fairs, and the Specialist met with three committees to help them plan 
such an exhibit. A series of articles was written on household manage- 
ment for the County Farm Bureau Bulletins. 

The most splendid co-operation has been had during the past year with 
the Farm Managament Department and the Farm Mechanics Department. 
They have been of great assistance in working out different problems. 
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REPORT OF HOUSEHOLD MANAGEMENT SPECIALIST. 


BY EDNA V. SMITH. 


The object of this project during the past year has been two fold: 

1. To bring to the farm women of Michigan more of a realization of 
the money value of the food which is obtained from the farm, as well as 
the advantages of having expenditures well planned in advance. 

2. To lighten the housework through more home conveniences and bet- 
ter arranged kitchens so the farm wife as well as the rest of the family 
will get more enjoyment from living on the farm. 

One hundred sixteen farm women started keeping home accounts in 
study groups last year. Thirty-six of these women finished the year’s 
work in good shape, giving us some very valuable data. The results of 
this work done by the women was tabulated and presented at the State 
Grange meeting in December. Since that time it has been presented to 22 
groups such as granges, farmers’ clubs, farm bureau meetings, ete. Only 
recently one man remarked at a meeting that he would have given any- 
thing had his wife been present and heard the talk because she had be- 
come very blue and discouraged with their income from the farm the 
past year. 

At least 500 of our home account books have been sold during this year 
showing a decided growth in the number of women who are keeping 
accounts. 

The rearrangement and remodeling of kitchens to make them more 
convenient has been emphasized this year. This has been through group 
meetings, local leader meetings, and with individuals. The Specialist 
has assisted in the planning of 28 kitchens. 

Five meetings have been held with the leaders of different communi- 
ties of Kalamazoo, Wayne and Oakland counties at which time local con- 
ditions, the housewives’ greatest problems with the possibilities of cor- 
recting them, were discussed. Local surveys were made as to number 
having running water in the home, the number having some type of 
lighting besides old kerosene lamps. Each woman was asked to score a 
kitchen for convenience and equipment. 

Two meetings were held with committees in Barry and Lenawee coun- 
ties who wanted to put on a model kitchen exhibit at their county fairs 
last fall. Walls, floor covering, furniture and equipment were discussed 
and selected. 

At the annual round-up at Chatham, an exhibit of labor-saving devices 
was prepared and shown by the Specialist. It consisted of good cleaning 
brushes, good knives, good shaped cooking utensils, bread mixer, steam 
and pressure cooker, wheel trays, etc. 

Besides a great many home-made fireless cookers, steam and pressure 
cookers, hundreds of small pieces of equipment like the stainless steel 
knives, dish drainers, plate scrapers, pan lifters, etc., have been put in 
homes as a direct result of talks given by the home demonstration agents 
and the Specialist. 

A series of articles was written for the country Farm Bureau bulletins 
on different household management subjects. 
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REPORT OF NUTRITION SPECIALIST. 


BY MURIEL HOPKINS. 


The Nutrition Specialist began her duties in Michigan, September first. 
While the ultimate goal of her endeavors has been that of establishing 
better nutrition habits in the homes of Michigan through the medium 
of local leaders made up of representative women in rural communities, 
the department felt it necessary that people become acquainted with the 
policy for nutrition work and that the Specialist become acquainted 
with the habits and needs of the people of the State. For that reason, 
the program hag been a long time one rather than that of reaching the 
goal in one year’s time. f 

One hundred and fifty-nine general nutrition lectures have been given in 
thirty-six counties of the State, reaching 12,148 people. These lectures 
have proved a very good means of acquainting people with nutrition work 
and from the number of requests for help which have come to the office 
as a result, we must conclude that these lectures have been very worth 
while. 

Nutrition exhibits have been planned and placed in two county fairs; 
State Federation of Women’s Clubs; at the Home Economics Building 
at the College for Farmers’ Week; for the Better Baby Week Campaign 
at Grand Rapids. Two weeks have been spent in conference with the 
state officers and home demonstration agents. One of these was a subject 
matter conference, the other a conference for working owt plans for future 
work with Miss Grace E. Frysinger, Field Agent, Extension Methods in 
Organization, of Washington, D. C. 

As a result of this latter Conference, the Nutrition Specialist has 
spent a great deal of time during May and June planning material for a 
set of nutrition leaflets. There are to be seven leaflets in the series as 
follows: (1) Feeding the baby until it is twelve months of age; (2) Feed- 
ing the baby during the second year; (8) Feeding the pre-school child; 
(4) Feeding the school child; (5) Diet for overweight; (6) Diet for 
underweight; (7) Diet for constipation. A home card is being planned | 
for each leaflet which will enable the housewife to check up on desirable 
habits each day and will enable the Specialist to tabulate suggestions 
adopted. 

The outstanding project in the nutrition work has been the nutrition — 
series. Eight stories told in simple language were arranged. These 
stories each told a necessary nutrition habit to children, stressing two 
reasons why such a habit was most desirable. One story each month was 
sent to the rural teacher (in a few cases urban teacher) enrolled. Hach 
story was accompanied with a roll call chart. The teacher told the story 
to the children, placed the chart on the wall where it stood as a constant 
reminder for one month of the nutrition habit which was being stressed 
for that month. 

The results of the series have been most gratifying. A high percentage 
of teachers have sent in reports declaring that the series has not only 

‘helped in establishing definite nutrition habits but that there has been a 
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marked gain on the part of children in physical condition, resistance to 
disease, improvement in scholarship, and in helpful spirit one to another. 

The series has reached in part or in whole, forty-four counties, 1,941 
schools, and 44,643 children. Since the series has been introduced during 
the entire school year, it has been impossible to complete it in every 
instance. The results stand as follows: 


Children having formed daily milk drinking habit for one 
month. 52%. 

Children having formed daily big breakfast habit for one 
month. 81%. 

Children having formed daily habit of eating vegetables other 
than potatoes for one month. 58%. 

Children having formed daily habit of sleeping at least ten 
hours for one month. 46%. 

Children having formed daily habit of not eating knick- 
knacks between meals. 386%. 

Children having formed daily habit of brushing teeth be- 
fore going to bed. 41%. 

Children having formed daily habit of eating a good serving 
of fruit. 43%. 

Children having formed daily habit of eating a big break- 
fast, big, dinner, and big supper. 44%. 


REPORT OF THE EXTENSION WORK IN HORTICULTURE. 


BY T. A. FARRAND. 


During the fiscal year there has been a remarkable increase of interest 
in fruit growing in practically all parts of the State, probably due to 
the financial success ‘that has come with this line of production during 
the past few years. This is largely due to favorable conditions for fruit 
_production which surround the State and a large nearby accessable 
marketing area. 

With this increased interest there followed naturally a greatly in- 
creased demand for information as to sites, soil, insect and disease con- 
trol, and cultural practices in relation to growing all kinds of fruit. 

Acting as Secretary for the Michigan State Horticultural Society offered 
a splendid opportunity which was taken advantage of in getting in touch 
with the growers’ problems through its members located in different parts 
of the State. Interest was quickly created in the Extension work and 
the College which has proved very beneficial to the extension service 
and the Society. 

Following up the program of work as shown in the previous year’s 
report, that is, a major project in fruit fertilization, co-operating with the 
Experiment Station, a large number of demonstrational tests were put 
on with the county agents, a few records of which will be given in this 
report with the result that in comparison with one hundred tons of fer- 
tilizer in the two previous years approximately twenty-five hundred tons 
were placed this year. 
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The following is a brief outline of some of the results secured with 
fertilizer this last year. 


PEACH ORCHARD—EDWARD SKINNER, HARTFORD. 


Date of Yield per 
Treatment per tree. application. | tree, Ibs. 
BA Drs Nitrates Ol SOMA: hho ce eee eee cls cree ere eS RP eee oe rch ea April 12.... 68.15 
3 Ibs. nitrate of soda, 5lbs. acid phosphate... . 2... ...52.0. 26.0 cece e eee cerees See: ieee Te April 12. ... 78.3 
3 Ibs. nitrate of soda, 5 lbs. acid phosphate, 2 !bs. muriate of potash.......................... April 12.... 67.4 
CHECK O WAN e aa Bs Re cee rae TE Oe enc en eral ae ae ah Reta oie Reyer ts cy 2 ON cea yeh aan es eae ee 33.66 


APPLE ORCHARD—M. 8. RUSSELL, BANGOR, MICH. 


Date of Yield per 


Treatment per tree. application. tree, bu. 


Rdlbsoenitrate :0f SOMA © - cee tacit cee inet are eee eae else cleie tae e eres lac ee ee eee reo ccie pho ereceee April 12.... 16.7 
S:ibs: nitrate of soda, 10)lbsy acid phosphate. mps.iceec =e recie: selec ce ah esters taste ct ols eis eet April 12.... 13.9 
5 lbs. nitrate of soda, 10 Ibs. acid phosphate, 2 Ibs. muriate of potash.................-.....--- April 12.... 15.20 
Ghecksrow: 82) tai ses ccidceacen cts Cid ree eer omen eeiesiot ciate! tote Gate olsen pea stetere rote mel « otene eteecetare nets eee tea aies 10.9 


CHERRY ORCHARD—WARD REYNOLDS, BENZONIA, MICH. 


Date of Yield per 


Treatment per tree. application. | tree, lbs. 


Bilbst nitrate Of SOUR tesa coe ae oes eee eer rn ee Nee INE lois eieisiaisislotars | Aprilia. % 14.5 


Subsemitrate Of S008, ;5) 108.) AIG) DHOSPHALG ep teks bret ceas oeiraicicin invested otatede al Oarsteeeincreieien oo fare April s2 See 19.5 
3 Ibs. nitrate of soda, 5 Ibs. acid phosphate, 13 lbs. muriate of potash................-.-.+-005: | Ayinil meses she 
Ord ic) 20) Man Aa TR A SLES Re Rees ie ne einen ar anna iol Shiro nS AGS Onn SOAEE TE | Red Woes: 8.5 


Orchard hit by frost consequently lower yields. 


BLACK RASPBERRIES—BERRIEN COUNTY. 


Completentertiliners ssrccae nc tsa Te Aa eee te TOs Tee Ie EIS yA Stale actos isis lel eae 67 quarts 
Nitrogen and phosphorus 67 quarts 
IN Ura tOs alone. ~ sores tee oa lak Die ee ee ee eee ee 76% quarts 
Check taby.-e. tee Bate ke eae Se eae On RI Deena SE fee ee vapr Are Cetenaie ttieante senate 474 quarts 


The writer has been more or less familiar for years with soils and their 
condition and with the cultural practices in the fruit sections of Michigan, 
and has noted the general depletions taking place. The object of this 
strong fruit fertilization program has been to determine the most econom- 
ical system of supplying the necessary plant food for the different kinds of 
fruits by feeding the cover crop and trees where that system is used, by 
supplementing stable or stock yard manures, with commercial fertilizers, 
when the supply of manure is low and:prices are comparatively high. 

The enthusiasm of a large number of growers with the results of the 
experiments and demonstrations would indicate-that this project is' very 
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important to the future fruit interests of Michigan in producing more 
annual crops of larger and more uniform product. 

Up to the present time with two years’ work to draw conclusions from, 
nitrates in the form of either nitrate of soda or sulphate of ammonia 
has shown far more profitable results than either acid phosphate or pot- 
ash. The records show in some instances phosphate showing results when 
combined with nitrates. The above statement applies to both fruits and 
cover crops. 

For years in the past Michigan has been burdened with plantings of a 
hundred varieties of apples, a large percentage of which are of little or no 
value and it was considered high time that a standard list be adopted 
from which growers could choose those adaptable to Michigan cli- 
matic conditions; also that would be a foundation for standardization in 
grading and packing which is necessary in any successful marketing 
project. 

Through efforts of the Horticultural Department, the Executive Board 
and Horticultural Committee of the Michigan State Horticultural So- 
ciety the following list of varieties of apples were recommended as a stand- 
ard list for Michigan, and as far as seemed practicable the varieties were 
named as to adaptability to different sections of the State: 

Duchess, Wealthy, McIntosh, Fameuse, Jonothan, Girimes Golden, 
Wagener, Greening Rhode Island, Steele Red, Northern Spy, Hyslop 
Crab. 

The above list was considered only for the large commercial sections 
and not for local markets. 

Large numbers of meetings were asked for both lecture and field in 
relation to pruning, spraying and fertilization, all of which could not be 
cared for, although all the members of the Horticultural Staff assisted 
in the Extension service whenever possible. 

With the pruning work we have endeavored to head off over-pruning 
on both old and young apple trees and suggest moderate pruning with 
special reference to young trees until such time as we have definite 
knowledge as to which system produces definite results. 

Intercropping of young orchards is recommended as an economic system 
that will bring in some financial returns while the orchard is coming into 
bearing. 

A conservative move is being fostered towards ian alfalfa and apple 
combination with apparent splendid possibilities along this line. 

Preliminary work has been started in a better cultural practice and a 
much more disease free nursery stock campaign which will take some 
time to work out. This was recommended after.a two day tour in Van 
Buren and Berrien counties with Specialists from Washington, Horti- 
cultural Department and Botanical Department with a few growers and 
small fruit nurserymen. 

There were 462 farm visits; twenty-five meetings held at demonstra- 
tions, with an attendance of 725 at such meetings. One hundred and nine 
lecture meetings were held with an attendance of 12,510 at the lectures. 
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REPORT OF THE DIRECTOR OF MARKETS. 


The market extension work in Michigan, during the past year, has 
closely followed its project, which has extended over a period of four 
years. This work is not based on a patronizing attitude towards agricul- 
ture, but entirely on the theory that permanent assistance to agriculture 
can only be effected through the establishment of organization on a firm 
and self- supporting basis, carrying all responsibility. Special emphasis 
is also given to the sociological factors incident to the development and 
maintenance of local leadership, carrying full responsibility for marketing 
undertakings. 

A cardinal feature of the organized agencies in Michigan among farm- 
ers is that organizations are aimed at the general efficiency of the indus- 
try. The undertakings in marketing must be on a basis of efficiency 
sufficient to meet legitimate competition, but if the whole undertaking is 
established on the basis of the savings between the co-operative system 
end the old regime many co-operative undertakings would be very ques- 
tionable. The marketing function is the basis of common interest around 
which the co-operative institutions of farmers are merely built, but the 
efficiency in production, as well as efficiency in marketing and the still 
more difficult problems of co-ordinating production with demand is the 
larger aim of the organization work in Michigan. 

The work during the year has been concentrated on giving assistance 
to Michigan fruit ‘interests in the working out of a reorganization pro- 
gram | and to the Michigan State Farm Bureau in w orking out a plan to 
co-ordinate the interests of the commodity exchanges in the State with 
the State Farm Bureau and also, later in the year, in assisting the Farm 
Bureau in the establishment of a Produce Marketing Department and to 
the undertaking of the Michigan Live-Stock Exchange i in the establishment 
of commission “houses in the principal receiving markets for Michigan 
live-stock. Assistance was also given to the Ameri ican Farm Bureau Fed- 
eration committee on fruit marketing. Work of a less important char- 
acter was devoted to the assistance of the Michigan Potato Growers’ 
Exchange and the Michigan [levator Exchange. 


Michigan Fruit Growers, Inc.: 


In an effort to improve the general character of the fruit organizations 
a conference of representatives of all fruit organizations in the State was 
called by the Michigan State Farm Bureau. The primary purpose was to 
federate and unite the numerous local organizations that have grown up 
in the fruit belt in order to concentrate their efforts and mobilize their 
economic power. This meeting was followed by a series of meetings and 
conferences which resulted in the formulation of the plan for a state- 
wide-organization, known as “Michigan Fruit Growers, Inc.” It was not 
thought feasible to attempt to put the organization in operation the 
present season on account of complications, due to contracts which some 
of the units had with commercial selling agencies. Work will be resumed 
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on this project as soon as the active shipping season is passed, with the 
idea of completing the organization for next year’s work. 


The Federated Fruit Growers: 


Two years ago the executive committee, through President Howard, of 
the American Farm Bureau Federation, appointed a committee of 21 to 
represent the organized fruit interests of America, to study the program 
of fruit marketing with a view to recommending a national plan. The 
Markets Department has been asked to assist in this work and the Di- 
rector has attended two meetings of the Committee in Chicago and one 
in New York. A plan has been recommended and an organization com- 
pleted. More recently this organization has made a contract to buy out 
the North American Fruit Exchange, a large commercial distributing 
agency, which had several important contracts with co-operative fruit 
organizations in Michigan. The elimination of these contracts should 
remove practically all obstacles to the completion of a state-wide fruit 
growers’ association. 


Michigan State Farm Bureau Produce Exchange: 


In response to a general demand from farmers within the State, the 
Michigan State Farm Bureau has recently established a “Produce Ex- 
change” as a department, with headquarters at Detroit. The reason for 
not organizing this as a separate exchange was that the produce to be 
handled is widely scattered and lacks concentrated volume, so that 
local organizations can with difficulty be built around this service, and 
as it is believed that local organizations are absolutely essential to the 
organization of commodity exchanges, it was thought that the general 
machinery of the State Farm Bureau would be more sensitive and adapt- 
able to the will of the producers than a separate organization. The 
Produce Exchange is expected to operate very largely as a separate or- 
ganization, entering into contract with the local established units of 
various character for the handling of eggs, butter, poultry products, 
small fruits and vegetables, but will not operate in competition with other 
commodity exchanges. 


The Michigan Live-Stock Exchange: 


Assistance to the Live-Stock Exchange, during the year 1922 has been 
principally on their problems of establishing co-operative commission 
houses at Detroit and Buffalo and the working out of a proper organiza- 
tion for such service. A commission house has already been established 
at Detroit which is at present the largest factor in the handling of live- 
stock on the Detroit market. Michigan has joined with the state farm 
bureaus of Ohio and Indiana in the establishment of a commission house 
at Buffalo. This house is to commence operations about the Ist of Sep- 
tember. The Markets Department assisted in working out plans for this 
tri-state organization, which is to be associated with the National Pro- 
ducers’ Association, a national farm bureau association devoted to the 
handling of live-stock from a larger viewpoint. 
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Michigan Potato Growers’ Eachange: 


Work on the Michigan Potato Growers’ Exchange has been devoted 
principally to the standardization of the output and very considerable 
progress has been made during the last fiscal year. A potato specialist, 
Mr. Wade Weston, has been placed in charge of the work in general, 
under the Farm Cr ops Department, and an Experiment Farm, donated 
by the growers, has been accepted by the College. This latter develop- 
ment, as a result of the efforts of the Michigan Potato Growers’ Ex- 
change, demonstrates the theory that organizations should not be aimed 
pr imarily at marketing but simply using marketing as a basis of common 
interest, around w hich the or ganization can be built for the advancement 
of the industry as a whole from the point of efficiency as the ultimate 
object. : 

Co-operative marketing units of the Potato Growers’ Exchange have 
been assisted in re-organizing and in financial problems. 


The Elevator Exchange: 


The Michigan Elevator Exchange has made splendid progress during 
the year past and is now in excellent financial condition, handling a 
large volume of business, and is without question the largest factor 
in grain handling of the State. The organization handled approximately 
22% of the bean crop of the past season and a program to increase the 
membership is expected to still further advance the influence of the 
Exchange on the bean market. 

Assistance has also been given to a number of local co-operative ele- 
vators in re-organizing and in financial problems. 


The Michigan State Farm Bureau: 


At the last annual meeting of the Michigan State Farm Bureau a plan 
for consolidating and co-ordinating the commodity exchanges of the 
State with the Farm Bureau was completed. This movement assures the 
harmonious development of the forces within the State and is aimed at 
a complete mobilization of the economic power of farming and should 
bring the power of the organizations of the State to bear on the larger 
problems effecting the agricultural interests. 

The Farm Bure eau Wool Department has been re-organized on a basis 
of complete Farm Bureau control and promises the successful handling 
of the pool this year. The Seed Department, without question, furnishes 
the best co-operative seed service of any organization of its kind in the 
country. The Purchasing Department of the Farm Bureau has made 
steady progress during the year and its plans for the future give ex- 
cellent promise. The Markets Department has been consulted and has 
assisted in the improv ement of these services. 

A program, which is directly associated with the marketing work over 
the State, is the re-organization of the County Farm Bureaus on an eco- 
nomic basis, rather than a basis of political sub-divisions. The Michigan 
State Farm "Bureau will issue a bulletin in the near future on this project. 
The Markets Department has given assistance to the study of this 
problem. 
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Milk and Dairy Products: 


One or two large co-operative distributing plants are being organized 
within the State and these have received the attention of this department 
during the year. Work is also contemplated on the federation of the 
150 creameries, which are now operating within the State, into a central 
marketing organization. Some preliminary work has been done on this 

project. A federation of co-operative cheese factories, particularly of 
the northern peninsula, is also receiving consideration. Work with the 
cheese factories will consist of assistance in the establishment of cold 
storage and curing facilities, with a possible amalgamation with the cheese 
federation in Wisconsin. 


Miscellaneous: 


Assistance has been given to a large number of local organizations by 
members of the staff in financial and re-organization problems. Work 
of a purely educational and promotional character has been carried on in 
the State by addressing numerous meetings of farmers, including annual 
meetings of co-operative associations, conventions and picnics. 


Staff: 
The staff for market organization work will consist of the following: 


Leader, Hale Tennant. 

Assistant Leader, Williard Cribbs. 
Assistant Leader, Gifford Patch, Jr. 
Assistant Leader, John T. Horner. 


REPORT OF EXTENSION WORK WITH POTATOES 
AND VEGETABLES. 


H. C. MOORE. 


Potatoes: Results of work completed during the year. 

Forty demonstrations were conducted in co-operation with the County 
Agricultural Agents. These demonstrations showed the value of seed 
selection, spraying, seed treatment and the use of commercial fertilizers 
in bettering the quality of the potatoes and increasing the yields. 

One thousand twenty acres of potatoes were inspected for certifica- 
tion; 654 acres passed the inspections and were certified. Approximately 
81,400 bushels of certified seed potatoes were sold at a premium of ap- 
proximately 75 cents a bushel over U. S. No. 1 table stock. The inspection 
and certification work has benefited the potato industry of the State by 
making available for Michigan growers seed stock of good yielding strains, 
free from varietal mixtures and comparatively free from disease. Further- 
more, the good cultural methods followed by growers of certified seed 
serve as demonstrations to other growers. The inspection and certifica- 
tion work has stimulated an interest in seed treatment, high pressure 
spraying, better seed, etc. 
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Three thousand acres of potatoes have been listed for inspection during 
the season of 1922. 

To compare Michigan certified seed potatoes with seed from other 
sources over 1,000 bushels of Michigan certified seed were placed in 
tests in southern Michigan, Iowa, Indiana, Illinois, Ohio and Pennsyl- 
vania. In each test the Michigan certified seed and the seed with which 
it was compared were grown under the same soil and cultural conditions 
and accurate records of the yields were secured. 

The following table gives a summary of the results secured: 


Average 
increased 
yield 
No. of rec- per acre 
ords secured.| secured by 
Michigan 
certified 
seed. 


State. 


In order to test the yielding qualities of the various lots of potatoes 
planted for inspection, 131 strains of Russet Rurals and Green Moun- 
tains were secured from growers who applied for the inspection work 
and were planted in a demonstration plot. The yields varied from 368 
bushels per acre for the best strain to 108 bushels per acre for the lowest 
yielding strain. Work with these strains is being continued in 1922; 
240 other lots of potatoes have been planted this year in a similar test. 

A yariety test demonstration, consisting of 29 varieties planted at the 
Michigan Agricultural College, showed that the Russet Rural or Late 
setoskey was the best late variety and that the Irish Cobbler was the 
best early variety. 

The following is a statistical summary of the work done between July 
1, 1921 and July 1, 1922: 


Total number of demonstrations .............2eeseeees 47 
VAT OV LST ES RACES ee Se reese etie fave cticre: oan Reet een taihe Sp iether 
Meetings Held at Demonstrations ............ Sie er rnccane 25 
Attendance at Such Meetings ............. Bi, ot aeons 3, Oe 
Beewure, “Mecunes ye... a ieee ere tele = BETA APA So % 60 
Attendance at eCtnres (cc 2 2s ctyaie + <a oot, 6 vung aaah ee 3,213 


Special articles have been prepared for Agricultural papers and for 
County Agricultural Agents. 


Vegetables: 


Vegetable demonstrations were conducted with cucumbers, but due to 
severe droughts no satisfactory results were secured, 

Fertilizer demonstrations conducted in Sanilac county on canning 
peas showed that acid phosphate gave an increase yield of shelled peas of 
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approximately 35 per cent over that of the check plot. Similar tests 
conducted in Ionia and Oceana counties showed that acid phosphate and 
potash gave slight increases in yields of shelled peas. Nitrogen had the 
effect of delaying the maturity of the peas and of increasing the vine 
rowth. 

: Lime and fertilizer tests conducted on lima beans at Fremont gave 
no results in favor of either the lime or the fertilizer; all plots gave prac- 
tically the same yields. 


REPORT OF EXTENSION WORK IN POULTRY 
HUSBANDRY. 


BY EH. C. FOREMAN, C. M. FERGUSON. 


The work of the Extension Specialist in Poultry Husbandry during 
the past year has consisted largely of demonstrations and lectures on all 
subjects relating to Poultry Economics. Over three thousand plans of 
the Michigan permanent laying house and portable brooder house have 
been distributed. Demonstrations have been given in culling and selective 
breeding, caponizing, in addition to lectures on the latest and approved 
methods of feeding for growth and production, and brooding of chicks. 

The active co-operation of the County Agricultural Agents and State 
Poultry organizations with the Extension Specialist greatly increased 
the effectiveness of this work. The large number of meetings held with a 
corresponding large attendance reveals the interest that has been shown 
in this form of agricultural specialization. Practically every county in 
the Lower Peninsula was visited at least once during the year. 

E. GC. Foreman had charge of the work for the first half of the year 
from July first to January first. Mr. C. M. Ferguson was appointed Ex- 
tension Specialist January first and conducted the Extension work from 
January first to July first. 


CoA WLSTECUL oe nite ai cosa al «pon oh = seers Ruel MEU Reais 5 ahd g 108 
a HEV USAT ai, tree heya ec i oke a tundeh Aid 2 Kiko lahat ae ofl ain lel ol efel'e e's 63 

Meetings held at demonstrations ............++.++eee5- 372 
Attendance at meetings .....5..05 2.2.2.2 ee ee ees ee ee ees 10229 
WAGE LUG, WIGCLIN OS feridans)o < ohc.eje nila eis Pie ae aime wine eo 0s « nuays 81 
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REPORT OF EXTENSION WORK ON MUCK SOILS. 


BY DR. P. M. HARMER. 
Outline of Work 


On September 1, 1921, the writer assumed the position of Assistant 
Professor, Research Associate and Extension Specialist in muck soils at 
Michigan Agricultural College. Onefourth time is assigned to extension 
work, one-half to research and one-fourth to the teaching of a course in 
muck soils. 

The extension work laid out in 1921 by Mr. Ezra Levin, formerly in 
charge, was in so far as possible completed and a number of changes in- 
troduced in 1922. The extension work as now conducted falls into five 
separate phases. 

1. Work with the county agents and farmers. Whenever county agents 
or farmers are confronted with problems in the farming of muck and 
ask for assistance, it is given either by letter or, if necessary, by a per- 
sonal visit to the area. 

2. Field demonstrations and field meetings. The field demonstrations 
generally located through the county agent are a means of carrying to 
the community information on cultivation, cropping and fertilization of 
muck soils. Wherever satisfactory results are secured a field meeting 
of the neighboring farmers is held sometime during the summer. 

3. Winter Meetings. Whenever it is considered advisable or requested 
either by county agent or farmers, winter meetings of the muck farmers 
are held in different localities, at which places the results of the previous 
years work are discussed and plans made for the coming year. 

4, Michigan Muck Farmers’ Association. This association, with a 
membership of approximately 1800, holds one or two meetings each year. 
The writer is secretary of the association. The winter meeting held at 
East Lansing, January 31 and February 1, 1922, had an attendance of 
85. 

5. Muck Farmers’ News Letter. At intervals during the year mimeo- 
graphed letters on timely subjects pertaining to muck farming are sent 
to all muck farmers on our mailing list. At present this numbers 
~ around 1800. 


DEVELOPMENT OF MUCK FARMING IN MICHIGAN, 


The total area of the muck and peat soils of Michigan is estimated at 
between 3,000,000 and 4,000,000 acres. The value of this land varies from 
practically nothing up to $1800 per acre, the variation being due to the 
extent of reclamation, coupled with a highly developed intensive system 
of truck farming on the muck in certain sections of the State. A ma- 
jority of owners of uncultivated mucks are ignorant of the possibilities 
of the muck for crop production. Of the total area of organic soils in the 
State probably not more than from three to five per cent have been 
reclaimed by even slight drainage. Little has been done in the deyel- 
opment of the soil on a large proportion of these reclaimed areas. Oon- 
siderable is being used for wild hay or pasture, but, generally with both, 
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yield is low and quality poor. Many times these idle muck areas are 
surrounded by fertile upland soil, often lying adjacent to the farmstead, 
and in that way lowering the value and injuring the appearance of the 
farm. Where a high development of muck farming has been reached, 
very good returns are secured, values of $800 to $1000 per acre from 
such crops as celery and onions not being uncommon. 

It is quite generally admitted that a higher percentage of failures 
occurs in the farming of Michigan muck and peat lands than is true in 
the farming of any other type of soil. This is due to the fact that the 
problems confronting the muck farmer are decidedly different and harder 
to overcome than those met with on mineral soil. Sufficient drainage, 
without excessive drainage, must be secured, and proper cultural methods 
must be adopted before crops can be produced. Danger of summer frosts 
and winter killing, the chemical composition of the muck, high or low 
lime, the market demand must be considered in the selection of crops to 
be grown. As the natural fertility of organic soils generally is depleted 
after a very few crops have been grown, fertilization of the muck soon 
becomes an important factor in crop production. 

The area of muck in the State now used for the production of celery 
has been placed at 3500 acres, of which 3000 acres is used for commercial 
growing. A considerable area also is used for the growing of mint. Both 
these crops have a limited market demand. At the present time there is 
a considerable over-production of mint oil, resulting in a marked decrease 
in price. Until further work has been done on the storage of celery for 
winter and spring market, any large increase in celery acreage would 
likewise result in rendering celery growing unprofitable. Because of 
this fact, the tendency of the extension work with muck soils is to direct 
the prospective muck farmer toward a system of diversified farming, with 
a selection of crops which are in general demand, adapted to muck soils 
and which at the same time are able to withstand, without injury, a con- 
siderable amount of frost. 


THE FIELD DEMONSTRATION 


1. General Crops. For the purpose of demonstrating to the farmer, 
whose farm contains a muck area, the crops for which his muck is suited 
and to show him the need of proper fertilization for the production of 
good yields, co-operative experimental projects have been established on 
various muck areas scattered over the State. Various crops suited to 
muck soil are treated with a number of fertilizers, applied alone and in 
combination on the different plots. This method is essential because 
different muck deposits vary considerably in fertilizer requirements. 
Results from two of the crops grown on one of these projects in 1921 
are given in Table 1. Thirteen of these projects with general farm crops 
have been located for the season of 1922. These are locatd on the farms 
of Clifford Morse, Allegan Co., E. W. Kingery, Berrien Co., J. H. Cornell, 
Clinton Co., H. Thorpe, Eaton Co., Jotham Allen, Gratiot Co., M. A. 
Wright, Huron Co., A. L. Johnson, Leslie and W. A. Thomas, Lansing, 
Ingham Co., Thomas Graham, Lapeer Co., H. I. Sippy, Oceana Con SD: 
Goldberg, Ottawa Co., Charles Wadsworth, St. Joseph Co. and SN 
Root, Van Buren Co. The area of each of these projects varies from one 
to two acres in extent. A copy of ‘the fertilizer treatments is given in 
Table 2. 
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2. Celery. (‘While celery has been grown on a commercial scale on 
Michigan mucks for over forty years, little commercial fertilizer has 
been used on that and other truck crops until comparatively recently. 

Truck farmers have been largely dependent on manure shipped in 
from the cities, principally Chicago. With decrease in supply of manure 
and increase in freight rates, the cost of fertilizing muck with manure 
has made the practice very expensive. In turning to commercial fertil- 
izers, truck growers have been largely without information as to the 
kind of fertilizer or fertilizers to apply or the rate of application to 
make. To obtain information as to the fertilizers needed, co-operative 
experiments were conducted with several celery growers during the past 
year. The results obtained from one of them are presented in Table 3. 


TABLE NO. 1—-GENERAL CROPS ON MUCK SOIL—GRAHAM FARM—LUM, MICHIGAN. 


Increase or 
decrease 
over 
Gross Cost of Net unfertilized 
Fertilizer treatment. Yield value fertilizer return muck with 

per acre. per acre. per acre. per acre. cost of 
fertilizer 
deducted. 


Potatoes (1). 


66.1 $49 57 $3 60 $45 97 $8 92 

2500 59.2 44 40 3 00 41 40 4 35 
nae 147.7 110 77 | - 7 00 103 70 66 65 
aes 49.4 MMOD ere tere ies = teres OU ODM ara teenies 
= 55.9 41 92 6 60 35 32 1 73 

sic 110.0 82 50 10 60 71 90 34 85 

e 126.0 94 50 10 00 84 50 47 45 
snbe 133.2 99 90 13 60 86 30 49 25 

a 103.8 77 85 24.00 53 85 16 80 

Seen eee ee eee eee eee oe 


Sugar Beets (3). 


2.5 $15 00 $3 60 $11 40 $2 40 
2.1 12 60 3 00 9 60 4 20 
8.2 49 20 7 00 42 20 28 40 
2.3 TBO eon copb popes PSP SO)5 Reet eri ete 
3.0 18 00 6 60 11 40 2 40 
dite 66 60 10 60 56 00 42 20 
9.4 56 40 10 00 46 40 32 60 
10.8 64 80 13 60 51 20 37 40 
10.3 61 80 24 00 37 80 24 00 


(1) Calculated at 75 cents per bushel. 
(2) Manure valued at $2.00 per ton. 
(3) Caleulated at $6.00 per ton. 
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TABLE NO. 2.—FERTILIZER TREATMENTS FOR MUCK PROJECTS SUPPORTING GENERAL FARM CROPS, 1922. 


Fertilizer application pounds per acre. 


Plot No. 
Acid phosphate, | Muriate of potash, | Nitrate of soda, 
16 per cent. 50 per cent. 15 per cent. 
DWI Pres wis As. 2¢. 0 45 / SESEE TS Aare ele ei dies BAREIS 6 Vielerey ha he Whecksee ts Pea ee ak eT Rae Eee ene 
TN TIN Ge Sag eR RRA oe (gts ita ayaieicc ar aheve tele sharif OU tscorabecavesencraeae Soy 300 0 
EN Ss RI ce ee set hae de cto dodo Moots LOO See): 300 0 
SEM SI orc ay Vas Sra aie vem ay ane agai etl sieuay'4g Aiays oarais ash BOGE s baci: pak 0 300 0 
Se Ae AS SOB Ie RIS ACRE ODS CECI T CRD CI RSE RIE Acie ane DOU non noe ae 300 0 
(Find OBE DO RS TSE Et FenS GO CASS Ene ae Ee Ota, Gee ORE Oe Haar 300 acheter 200 0 
OE PE calories aie Tare OS Tao Se Aye ainjaoerniaawntets BOO Re aS utes 100 0 
flince Gb Souk Aot oOo SAE Lene Oe ine AS ee ae tee Ee far S00 Stes 0 0 
ET rare tetera chases ee) hey SPC reel a eee ano ate eta dsb arate aeaders Ghieclca: ae a eee ea a aed aie on eae es 
LO) ona Ber MOO CaaS DRE eM DD EOIN Cine. c en ees arene eee aie Pie as SOD Se eee in 300 0 
MID Rater tatey eedar teVete, ah ney cre Fes fa oie a) IgG a cay Hertel hajbier eiaTalel Sccliereteskes SiG 300)... 25 eeeiese ee 300 100 
iV Sonne TAT ae NOS yack MENG re GT Re Ci IS Ae SE oa Manure, 12 loads. . 0 0 
SORT et eed Pa cyerd stalciscd fal ay tet e G, 5 sis ele lobels: sfalatdlssatele's eveiels Manure, 6 loads. . 100 0 
SPN e aR clatcatac saat ts PARR tie crciocoa oe Rass (O/T ae ie aie AG Ne Baines, SOE! (OMA anne die Menton sae 


TABLE 3—CELERY ON MUCK—HUDSONVILLE—1921. 


Yields per acre. Increase or 
decrease 
Total Cost of Net Over 
Fertilizer treatment. returns fertilizer returns ae 
Wrinned per acre. per acre. per acre. aout of 
celery, lbs. Cases. fertilizer 
deducted. 
= ee ne Se ae 
(On SOT ROCTCE PID Spas Bane ate Be Se 10,500 500 400/00) a8 eee acc cae: S400 0D oe ee 
If th God eyrie ene MAP ETE R cas as ea 10,000 475 380 00 $10 80 369 20 30 80 
Pe rtd ce laters Vekherfaae tikes ee SoS 11,400 550 440 00 6 00 434 00 34 00 
MMS a cite roeenitaveteicver sister ears craic ravers Cet oe 12,600 600 480 00 24 50 455 50 55 50 
COReae Peay TICs IS Ey abs Pear Fs. 10,500 500 490) OO 4.288440... 40 OD ae Secbeone: 
INES eerste ys chet OES nce be 11,400 550 440 00 16 80 423 20 23 20 
INGA Fee Sone acto te seen thin cosas 12,800 600 » 480 00 35 30 444 70 44 70 
ISM aati aeke race ee cada used 17,000 800 640° 00 30 50 609 50 209 50 
ISPS ek ee Re RI nee at eae ang eae 18,000 850 680 00 41 30 638 70 238 70 
Peed cabaartest sana tate toe te daees kes 10,500 500 AOONOQON sae. sree ehteys. ANO*OOR esse ota 
Average check plots............... 10,500 500 SOON OOM ost areas see $400 O08 Fe. oe. ester 
(1) Returns from celery calculated at 80 cents per case. 
N—Nitrate of soda. 
P—Acid phosphate. 
K—Muriate of potash. 
O—No fertilizer. 


During the season of 1922, co-operative demonstrations are being con- 
ducted on the celery fields on several different muck deposits, with the 
idea of determining both the kinds of fertilizer needed and the rate of 
application of the different fertilizers which will give an optimum return 
on the investment. In one case a study is being made of the effect of 
overhead irrigation on the benefits secured by fertilization. Methods of 
fertilization of the crop by surface application and by application below 
the plant are also being compared. 

The celery projects of 1922 are located on the farms of Born Bros. and 
C. Schneirla of Bay Co., Wm. Kooienga, Kent Co., M. A. Wright, Huron 
Co., J. Bloemberg, H. Kiel and H. Ringerwole of Ottawa Co. and A. E. 
Sutton, Washtenaw Co. On the farms of Wm. Kooienga, Kent Co. and M. 
A. Wright, Huron Co., onion projects have been established while on the 
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latter farm a cabbage demonstration is also located. These are similar 
to the celery projects in the nature of the fertilization and each covers 
an area of from one-third to one-half acre. The oe of plot fertilization 
is given in Table 4. 

3. Mint. Owing to the low return per acre, many mint growers plan 
to turn to other crops. To some extent, this is being encouraged. At the 
same time, fertilization studies are being conducted with the idea of 
increasing ‘the production of mint oil per acre at a lower cost per pound. 
This, it is thought, will allow a profit even at the present low prices of 
mint oil. Results representative of those secured from the 1921 projects are 
given in Table 5. Two field demonstrations are being carried on in this 
crop during the present season. These are located on the farms of Dr. W. 
P. Bope, Decatur and E. V. Root, Bangor, VanBuren Co. 

4. Pasture. On many muck areas the presence of buried roots and 
logs renders breaking up very diffcult. For that reason, it has been con- 
sidered better policy to leave such soils as pasture. During the season 
of 1922, experiments are being conducted on pastures on two different 
deposits, for the purpose of improving both yield and quality, by com- 
bining fertilization with a seeding in of better pasture grasses. These are 
located on the farms of J. H. Cornell, Clinton Co., and M. A. Wright, 
Huron Co. 


WORK AT CHANDLER’S MARSH. 


Mr. Wilder Thomas kindly placed at the disposal of the writer 7 acres 
of muck to be used as a field demonstration. This is located on Chandler’s 
Marsh two miles north of the Agricultural College at East Lansing. Two 
acres of this has been used as a fertility project with general farm crops 
(mentioned above). On another two acres, a fertility demonstration is 
being conducted with various truck crops. On two acres the co-operation 
of the Farm Crops Department has been secured in making a variety 
test of several farm crops. The Horticultural Department is co-operating 
in making a one acre variety test of a number of truck crops. Informa- 
tion regarding the varieties of different crops which are best adapted 
to muck soil is greatly needed. A monster field meeting is planned for 
this demonstration for some date during the late summer. 


WORK ON SIPPY MARSH. 


Besides the regular fertilizer plots on the farm of Mr. H. I..Sippy at 
Hart, Oceana Co., a cultural demonstration is being conducted on one 
acre of corn, one of rye, one of sunflowers and one of meadow. Various 
systems of plowing, rolling and cultivating are being compared. A variety 
test of corn is also being carried on. 


LABORATORY STUDY. 


Along with the co-operative fertilization demonstrations mentioned 
above, a chemical study of the muck soils is being made in the laboratory. 
The proportions of organic and inorganic materials and the content of 
lime in a muck soil are important in determining the adaptability of 
different crops and the probable fertilizer needs of the soil. The effects 
of fertilization on the sugar content of sugar beets and on the cooking 
qualities of potatoes grown on the muck is being ee All mint plots 
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are harvested and the mint distilled in the laboratory in order that the 
effect of fertilization on the output of mint oil may be determined. 


TABLE NO. 4—FERTILIZER TREATMENTS FOR MUCK PROJECTS SUPPORTING CROPS OF CELERY, ONIONS, 
OR CABBAGE. 


Fertilizer application pounds per acre. 


Plot No. 
Acid phosphate, | Muriate of potash, | Nitrate of soda, 
16 per cent. 50 per cent. 15 per cent. 
BOE O CODEC CACC OC SOO THACEC EOI RD an Checks earn ee ac bias acvsialns ae |ietcesk oer a a tae ore 
BY SEE SEH lastino an neon och mite QE Or OU a 750 0 
Stee ON nn CSS TEE RE nC eo E ae 250 ee eee 750 0 
SR ae eters? RR Matta Mlc cm areas: BOO eat omen 750 0 
te lS atte OGIO Ie nC cas Ca AR CE ae ame DORAN Grey varias 750 0 
A5o:d SSE RSS CORSO OB BIDUL EES CUCT AERC nes ROen ne an e ESPEN GRIN Ae & 500 0 
«SOL UB OR CY HALE EEA SR NALIN A icine EELS, Sgt RR a TOORALT SE epee Rae 250 0 
Sea aca ei Neher ea score ore cheat en tac etoeioid vias ltaskiasaioedte: 7509. Oy. 2-2 migotea 0 0 
“i CPOE AE RISO ENO CLONER ERC ACEO TOS OR Seto Mae ic ener re Checker eos rel tyce Geta ce tte cicetion te trust stactelsat ae aliens 
aR Nees = SANE ed NEE edie Canine tee ails eae’ Manure*20' fons Wills os seeee bie ticle! Ptashne seers 
SO AAO BOTS CB AOR CEOS SOU UE Da SOOO OT EEG ae aeiae 11s See eet ale 750 100 (1) 
Bio ARTA CAE HEE RE I GO eae oe Dba Dus dy ee Geel 0 6510) 4p Siete re es 750 300 
Lee BC EER RS IS IO ECT CREP OIC SCTE UNIS CO TIGR Rae RE ene aaa TO en Sate ee 750 0 (broadcast) 
UBS 232 VCS Bi APE BEA SRR CRE, OH AEE tcc EA ee ar 750 750 0 (deep furrow) 
+509 0.5 0 AIOE TOOTSIE SPIE AS NS yo Ee RAE fet SO ee tera UEURE Teena 750 0 (surface row) 
80 Ga NAS OO SOR DE BODES OOSE OTE Dn oe Renae eae OU ief) Ate he Aan an [Eee ee aes aot SCENES Sait ee Vee eine 2 


(1) 200 Ibs. to be applied late in season. 


TABLE NO. 5—YIELDS OF MINT AND MINT OIL. MUCK EXPERIMENTAL PLOTS—DR. BOPE—DECATUR 
1921. 


First Crop. 


| Yield per acre. 
| Lbs. green 
Plot No. si Treatment. P produce 
Teen wt. ry wt. . 1 Ib. oil. 
tons. tons. Oil, Ibs. 
Pants Obes Nee et itll pie ed che ga ae il 1 den ie toed 1AM SD teen eee Ye 41.75 709 
DUS Oiio Co SOC RROE INGE T RED Tee Set Renato more KeSOSs Sas oy AS BOM Ren revs rates 52.63 543 
ers PaG ev eteTor ayer ete aici ave itersidha sicinreledstepe wreie ein ea\k KC encase ata UI Jal (Ree ernie ne 43.75 644 
ER aes Secon aia ate Seal aa Pa Naha oo ab tata Sracat chet CARER ERIE RE QHD er ASirciattecoe 34.50 551 
TSI CoS ECE OO Ree eee RCS SEO eee Ceti IBKES OS aeesry: TBKOG eerie craters 50.63 595 
(Us cea ra Ae hk ane RScier a eee RSME Cee PIC Tee tee Oe UO Ras eieeatets ths 40.88 724 
Second Crop. 
1 RC Hac Se RS GER GH ORO SE ras ob cee conbAe Pi NABUAANS Sees 5.78 1.02 14 62 791 
EEE ARTS aes GAINES, al eh ns ed DN cen Bie KeSO"5 ncn: 6.60 1.43 15.62 845 
SOS cn rts ono RCRA tcc GaN I eae) ss ae ICC eh Sees 5.62 1.01 17.52 641 
ANP ee Sta MEAT Shere t et leranh ha tee reagents CE gah Aaa 3.60 0.77 12.69 568 
DE Reta Pat iota re tcets ate Marcie ween aaa Rein RKASOS anne 5.56 1.08 14.98 742 
(SDC aE ab. Sue CeioU On Mae atone eab ss eaed PRCUES ees 5.30 1.09 15.23 696 
Total Crop. 
TOE Re Ae ga eee he a Ha arcash i oreRy, Crees Pompe Re onsen ois 207 OSI esse Gee slate 56.37 730 
Ce irr 3 cS OFS PIE Ear TE ete PcTAN Le Pe oe KESOt ace QORION ctu eetersros 68.25 612 
SIE Cai pt A aaah on ot a ok Me one Vie Re 108 Oe Oe DOTTIE ge ee 61.27 643 
1 SOO REEL BS UES HORT: CC CMEI OE ROC he SET ee Clay. cape ae 30 Ol LE Ss a gee, 47.19 556 
Like ASR CaP ets Geen aN BAe aS RiP ee Bt ie eae IPKES OMAR ot DONG2a le eine eete: 65.61 629 


Nan Regan pt) O88 eA me ASE ON Nae PROUE Ree: SON Oy | Meee 56.11 716 


ba 


288 STATE BOARD OF AGRICULTURE. 


REPORT OF EXTENSION WORK WITH SOILS. 


BY G. M. GRANTHAM. 


The Extension work in Soils is divided into two distinct divisions, 
namely, the extension schools held during the winter months of January, 
February and March and the field work carried on during the remaining 
months of the year. 

The Extension schools are usually held in co-operation with the County 
Agent. The problems in which the farmer is_mostly interested are dis- 
cussed as fully as time will warrant. At a number of meetings samples 
of soils and marls are brought by farmers and simple tests for acidity 
or lime contents are conducted, explaining where equipment for such 
work can be obtained, the reactions of tests and how such tests can be 
carried on by the farmer under field conditions. The subjects discussed 
are varied according to the different soil locations of the State, nature 
of the meeting and class of people attending the meetings. The discus- 
sion of the problems of the individual before and after such meetings 
can be rated as no small part of this branch of work. 

Numerous evening meetings are held during the summer months, where 
discussions similar to the above are emphasized. 

The summer field work is divided into two divisions, namely, the 
carrying on of accurately controlled demonstration plots and the field 
meetings held on such demonstration fields. The demonstration plots 
consists of work along the following lines: The use of commercial fer- 
tilizers of different kinds and amounts on various soil types, rate of appli- 
cation of manure and effect of re-inforcing of manures with phosphate, 
different kinds and applications of limes and marls, the effect of fineness 
of division of ground limestone as covering a rotation; the use of various 
crops as green manure crops and their period of duration in the soil, and 
the effect of tillage operations on control of moisture and crop growth. 
Accurate records are kept of these projects not only for one year but for 
a number of years. Yield records are also kept, the yields being taken by 
the field man rather, than by the farmer or the person with whom we are 
co-operating. 

The field meetings are usually held on the aetonetration plots during 
the growing season. On the field containing a small number of plots 
usually a short meeting is held but where a ‘larger number of plots are 
located a half day meeting is arranged. 

In the field work phase of extension work results are derived from year 
to year but we do not feel the work has been completed, for as the demon- 
stration covers a number of years it is of more value than a one year 
demonstration. On the Cass County Field, where our largest demonstra- 
tions are located, our first year’s results were scarcely striking enough 
to bring before the farmer while at the close of the four year rotation 
a lime ‘and fertilizer treated plot had yielded approximately $75 more 
of produce than an adjacent untreated plot. This same fact holds true 
on a number of demonstration fields. Thus we feel it unjust to quote re 
sults as completed work. 
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New work on different soil types and lime fertilizer treatment on the 
catch and growth of alfalfa and clovers, as well as fertilizer demonstra- 
tions on corn, has been the principal new work undertaken in the last 
year. 


STATISTICAL SUMMARY. 


Total number of demonstration fields .................. 52 
Total attendance at meetings and field days ............ 3dD82 


Fairs Attended : 


Western Michigan State Fair, Grand Rapids, Michigan. 
Eastern Michigan State Fair, Detroit, Michigan. 


Exhibit material was furnished a number of county agents for ex- 
hibits at County Fairs. 
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DISEASES OF BEES IN MICHIGAN. 
Special Bulletin No. 107. 
BY RUSSELL H. KELTY. 


INTRODUCTION. 


Foul-brood is the name given to certain diseases which attack bees in the 
brood stage. Since it causes a yearly loss of many thousand colonies and 
the destruction of a great amount of apparatus, beekeepers consider foul- 
brood to be a very serious menace to the industry of honey production. 
Each succeeding year greater effort is made to control its spread, through 
education and legislation; and armed with the more perfect knowledge which 
thorough investigation has developed, the beekeeper is now better able to 
cope with the situation than heretofore. 

The beekeeping profession owes much to Dr. G. F. White, whose thorough 
and exhaustive research work on bee diseases has given to the world a great 
deal of information concerning the foul-broods, and who from his work, 
has been able to offer invaluable suggestions as to methods of treatment. 

Foul-brood is found practically wherever bees are kept both in America 
and in foreign countries. Certain areas in the United States are now dis- 
ease free, however, probably because no infecting material has yet been in- 
troduced. The ease and rapidity with which foul-brood spreads from place 
to place is well-nigh disheartening, and it is only by constant vigilance and 
rigid adherence to precautionary measures that the fight against its ravages 
can be won. Under existing conditions of legislation and beekeeping prac- 
tice it is folly to expect to continually remain free from disease. Each bee- 
keeper must be forever watching for its appearance and prevent its spread 
by immediate and effectual treatment. It is for the purpose of supplying 
the beekeeper with the knowledge necessary for the control of foul-brood 
that this bulletin-is written. 


AMERICAN Fou.t-Broop. 


Of the three foul-brood diseases, American foul-brood is considered the 
worst. The disease is called American not because it is found more generally 
in America than elsewhere, but because an American scientist, Dr. G. F. 
White, Bureau of Entomology, Washington, D. C., was the first man to 
isolate the causal organism. , 

Due to the fact that colonies affected with American foul-brood must be 
deprived of their stores and combs and placed in a clean hive, a considerable 
loss is experienced by the beekeeper. The disease is infectious in nature and 
easily carried from hive to hive through the medium of honey. Whole yards 
may become diseased during a comparatively short period if not given close 
attention. Also as the method of treatment of American foul-brood is al- 
together different from the usual treatment of other foul-broods, it is essen- 
tial that the beekeeper be familiar with the symptoms of the disease so that 
He may recognize it immediately and be able to distinguish it from other 

iseases. 
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CAUSE. 


The cause of American foul-brood is a bacillus called Bacillus larvae 
(White). This bacillus is very minute in size. It would take nearly 10,000 
of the organisms placed end to end to cover an inch. The organism can be 
easily detected in dying or decayed larvae and scales by the use of the micro- 
scope, and in cases in which beekeepers are doubtful as to the correct diag- 
nosis, a sample of the diseased material should always be submitted to a 
laboratory, where examination with a microscope can be made. Samples 
in which scales are predominant, and which lack the usual characteristic 
symptoms of either of the foul-broods, should always be examined with the 
microscope. One of the peculiar facts concerning American foul-brood is 
that when sample is examined microscopically it usually contains but one 
kind of bacteria, Bacillus larvae, whereas samples of European foul-brood 
may contain any one or all of several different bacteria. 

American foul-brood invades the colony by attacking the young larvae 
during the time when they are being fed by the nurse bees. These infected 
larvae usually die just after the cells are capped, although larvae may be 
found dead of American foul-brood in rare cases still curled up in the end of 
the cells; on the other hand American foul-brood may kill larvae well advanced 
in the pupa stage. Adult bees are not affected. 

Larvae of all three classes, i. e., worker, drone, and queen, may become in- 
fected, although the worker larvae are found diseased most frequently. In 
fact queen and drone larvae are seldom attacked. The experience of bee- 
keepers has shown that no race of bees is particularly immune to the ravages 
of American foul-brood. 


Fig. 1. American foul-brood comb, showing irregular patches of sunken cappings and scales. ‘The 
position of the comb indicates the best way to view the scales. From Farmers’ Bulletin 442, U.S. 
Department of Agr., Bureau of Entomology. 
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SYMPTOMS. 


_ Since the larvae affected with the disease usually die after the cells are 
capped, American foul-brood is frequently well established in the apiary 
before the beekeeper recognizes it. The first indication of a disorder in the 
brood-nest is usually that of punctured and sunken cappings and a darkened 
color of the diseased cells. In well advanced cases the “glue pot” odor is 
frequently so pronounced that it can be easily recognized. Since the af- 
fected larvae die at a time when they are beginning to transform into pupae 


Fig. 2. The ropiness of American foul-brood. From Farmers’ Bulletin 442, U. S. Department of 
Agr., Bureau of Entomology. 


they are found lying lengthwise on the floor of the cell with the back down. 
Healthy larvae at this stage are white or slightly bluish in color,—appear to 
glisten, and the skins are quite tough. Diseased larvae first change color 
from the bluish-white of the healthy larvae to a light brown color. The 
skin also becomes tender and is easily broken. As decay goes on, the color 
changes to a more distinct brown, finally assuming a coffee color or chocolate- 
brown shade. As the change in color of the larvae progresses the skin of 
the larvae becomes more easily broken and the decaying material gradually 
assumes a stickiness or ropiness which is one of the chief characteristics of 
American foul-brood. The matter does not become distinctly ropy until 
several weeks after the death of the larvae, but when decay has progressed 
to the point where the remains commence to dry down into a thin ‘scale’’ 
this ropiness is very characteristic. When a match or toothpick is applied 
to the remains at this time it can be drawn out into threads from one to six 
inches long. This cannot be done with the remains of larvae attacked by 
Kuropean foul-brood, and is a distinguishing characteristic. As the decay 
of the larvae progresses, another symptom to be noted is the presence of a 
strong odor which has been frequently described as the odor of the glue-pot. 
This is so pronounced that in advanced cases it can be detected when the 
hive is first opened. Pupae dead of the disease, frequently have the tongue 
sticking to the top of the cell. This is rarely if ever found in cases of Euro- 
pean foul-brood. 

There are, then, three chief distinguishing features of larvae affected with 
American foul-brood, namely, coffee color, ropiness, and the glue-pot odor 
of the diseased material. 

After the decayed material has dried down on the bottom of the cell into 
a thin layer known as the scale, it is not easily moved from the cell. How- 
ever, there are occasional exceptions which may mislead the beekeeper. 
One sample of foul-brood which microscopical diagnosis proved to be Amer- 
ican contained scales which were so loose that they were shaken from the 
comb. Another irregularity sometimes noted is that larvae are affected by 
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American foul-brood while still curled up in the bottom of the cell. Combs 
containing larvae which had died curled up in the bottom of the cell, but 
which had the coffee color, ropiness and.glue-pot odor of American foul-brood 
have proved upon microscopical examination to be American foul-brood. 


_ Fig. 3. Americal foul-brood; a, b, f, normal sealed cells; c, j, sunken cappings, showing perfora- 
tions; g, sunken cappings not perforated; h, 1, m, n, g, r, larvae affected by disease; e, i, p, s, Scales 
formed from dried-down larvae; d, 0, pupae affected by disease. Three times natural size. From 
Farmers’ Bulletin 442, U. 8. Dept. of Agr., Bureau of Entomology. 


No doubt the gross examination of larvae dead in this unusual stage of Amer- 
ican foul-brood has led to an incorrect diagnosis of European foul-brood in 
some cases, and has possibly added to the confusion which has existed be- 
tween the two diseases. 

The scales of American foul-brood are usually uniform in thickness on the 
bottom of their cells, and as they are removed by the bees with great diffi- 
culty, it is very seldom that combs containing scales of American foul-brood 
are cleaned by bees. In all cases which have been brought to the attention 
of this office where bees have cleaned combs containing scales of American 
foul-brood, the disease has returned later. 


METHODS OF SPREAD OF THE DISEASE. 


The ordinary medium through which American foul-brood is spread is 
contaminated honey. Bacillus larvae, the causal organism of the disease, 
produces spores which are very resistant to all of the common means of 
control of bacterial diseases, and these spores will live in honey and diseased 
combs for a period of years. The robbing of diseased colonies by healthy 
colonies or of empty hives that have contained diseased colonies is the method 
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~ by which most American foul-brood is spread. The feeding of honey from 
diseased colonies which are thought to be healthy, the practice known as 
“Wqualization of Brood,” the dividing of brood among weak colonies after 
_ shook swarming and other such practices, are often the means of scattering 
disease throughout the apiary. Frequently in such cases the disease has only 
begun to appear in one or two cells in the brood nest or else is present in 
the shape of diseased honey previously robbed from some other diseased 
colony and not yet actually fed to larvae to produce disease. In many of 
these cases the beekeeper is not aware that he has spread disease through 
his colonies until a few weeks later when he discovers the symptoms in the 
various colonies manipulated. The use of secondhand cans is another 
questionable practice. Frequently the honey which was shipped in the can 
contained: disease, and the rinsing of the cans previous to use usually exposes 
a dilution of honey and spores to the bees. Disease is also transmitted from 
one colony to another by the beekeepers’ hands and hive tool. However, 
this means of spread is not so much to be feared as the others mentioned. 
Bee-trees in the woods should be promptly attended to by the owner as the 
occupants of the tree frequently become infected with foul-brood, are killed 
out during the winter and then remain a source of infection for all bees 
within flying distance. No doubt this source of infection explains many of 
- the non-traceable causes of infection which beekeepers meet with. The 
interchanging of supers, combs and other apparatus frequently practiced 
in extracted honey production is a prolific method of spreading foul-brood 
and should be carefully guarded against. Each hive, together with all 
combs, supers and super-covers, should be numbered, thus insuring the use 
of the same apparatus on the same hive every time. Leaky shipments of 
honey passing through the country are another means of spreading disease. 
Frequently apiaries are located within flying distance of railroad switches 
and leaky shipments of honey are robbed. The indiscriminate shipping of 
bees from one state to another or from one section of the state to another 
without the consent and inspection of a bee inspector is to be guarded 
against. It is probable that in this way the disease has spread so rapidly 
over practically the entire United States. 


TREATMENT. 


Bacillus larvae is very resistant to heat, drying, sunlight, chemicals and 
disinfectants. It has been known to live in the scales of a diseased comb 
for 9 years. It is this resistance to the ordinary means of control of bacterial 
diseases that makes the treatment of American foul-brood difficult. The 
treatment for American foul-brood known as the McEvoy or Shaking treat- 
ment consists of the replacing of the diseased hive, combs and honey with a 
clean hive and full sheets of foundation, thus forcing the bees to build new 
clean combs. This treatment should be given during the honey flow to pre- 
vent robbing or else performed under a tent of wire cloth or mosquito net- 
ting. When a number of colonies are to be treated, beekeepers prefer to 
perform the operation during the middle of the day when the majority of 
_ the bees are in the field. When only a few colonies have to be treated, the 
treatment should be given in the evening. If a large number of colonies 
are to be treated all should be shaken at the same time. Otherwise the 
danger of robbing is increased. Before treating the colony all equipment 
needed for the operation should be in readiness. A queen guard, lighted 
smoker, hive tool, complete clean hive with full sheets of foundation, a 
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tightly closed hive body in which to put the diseased combs and a bee brush 
of some sort will be needed. 


Fig. 4. Apparatus for shaking treatment: A, hive containing diseased colony (formerly in posi- 
tion of B); B, clean hive; C, empty hives to receive combs after shaking; D , hive cover used as runway; 
E, frames removed from B to give room for shaking; F, queen and drone trap; G, cover for clean hive B. 
From Farmers’ Bulletin 442, U.S. Dept. of Agr., Bureau of Entomology. 


The diseased colony is lifted to one side, within working distance of the 
clean ‘hive placed on the old stand. Three or four frames are then removed 
from the center of the clean hive. The diseased combs with bees are re- 
moved from the diseased colony one at a time and the bees are lightly brushed 
into the middle of the clean hive. The diseased combs are then placed in_ 
the tightly closed hive body. This operation is repeated until all of the bees 
have been removed from the diseased combs. The remaining bees in the 
diseased hive may be shaken into the clean hive. Use every precaution to 
prevent spilling of diseased honey, and burn the brush used. A queen 
guard is then placed over the entrance to prevent the colony from abscond- 
ing. The whole operation should be performed as quickly as possible to 
lessen the possibility of robbing. Experienced beekeepers who treat several 
diseased colonies at the same time prefer to save the healthy brood remain- 
ing after the treatment. This is done by piling the hive bodies containing 
brood from several diseased colonies over a queen excluder on a weak dis- 
eased colony whose entrance is contracted to prevent the possibility of rob- 
bing. About two weeks later this colony is also treated. Commercial 
beekeepers find it very convenient to use a hospital yard for diseased colonies 
to which all colonies are removed immediately upon finding signs of disease. 

If the beekeeper has no wax-press or means of removing the wax from 
the diseased combs, these combs and frames should be placed in a hole in 
the ground and burned and the ashes buried. If the combs are to be ren- 
dered, extreme precaution must be taken to place the diseased combs in 
some container which is absolutely bee tight and which is stored in a build- 
ing to which bees do not have access. Otherwise the treatment of diseased 
colonies is time, labor and equipment wasted. Comb foundation made 
from wax rendered from diseased combs does not transmit disease. 

- A diseased hive body may be cleaned by first scraping with a hive tool 
the inside of the walls, the grooves containing the rabbets and all parts 
covered with propolis. The inside of the hive body should be then scorched 
toa light brown with a blow-torch or flame of any sort. Frames which 
have contained diseased combs may be saved by first carefully removing all 
possible wax and propolis with a hive tool and later boiling in lye water 
made of one pint of concentrated lye to a boiler full of water. One boiler 
full of lye water will not treat satisfactorily more than two hundred frames. 
The lye water should first be brought to a boiling point, Then with the fire 
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remaining under the boiler to keep up the temperature, eight to ten frames 
are placed in the boiler at a time, submerged and allowed to remain in the 
water from two to five minutes until all of the propolis and wax have been 
dissolved from the frames. They are then removed and placed in empty 
hive-bodies to dry. By this method frames can be cleaned very quickly 
and thoroughly at a real saving for the beekeeper. 

If there is much diseased honey on the colony it can be saved by extract- 
ing. As it is very difficult to prevent robbing of this diseased honey either 
during the extracting or before or after, the greatest of care must be taken 
at all times to keep the honey in bee-tight containers in a bee-tight building. 
Diseased honey is suitable for eating purposes but cannot be fed to bees 
until after being diluted one-half and boiled in a closed vessel for twenty 
minutes. As the boiling caramelizes some of the sugar, boiled honey cannot 
be fed to bees for winter food. It is unlawful to sell diseased honey except 
in closed containers for commercial purposes. 

There are modifications of the treatment given above but they are not 
recommended for beginners. Experienced beekeepers who are familiar 
with the principle involved use them successfully. Colonies found to be 
diseased so late in the fall that it is impossible for the bees to build up for 
winter may be shaken on solid combs of honey in which there are no empty 
cells for storage of diseased honey. Only strong colonies should be so handled. 
Weak colonies should be destroyed or united. Diseased colonies should be 
wintered in the cellar if possible to remove the possibility of robbing by any 
healthy colony in early spring or in warm days during the winter. 


DRUGS. 


The use of drugs in the treatment of American foul-brood or of the other 
foul-broods is a waste of time and material. It is extremely doubtful whether 
disease can be successfully eradicated by the use of any known drug, and it 
is certain that commercial beekeepers do not have sufficient time to spare 
to follow the course of procedure necessary if drugs are to be used. 


EUROPEAN Foun Broop. 


European foul-brood is an infectious disease which attacks developing 
bees only. The term European is given this disorder to distinguish it from 
American foul-brood for the reason that European investigators were the 
first to perform laboratory studies of the disease. This disease is found 
practically all over the United States except in certain areas where, prop- 
ably due to the lack of introduction of diseased material, no disease is 
found at present. European foul-brood is not as serious in its nature as 
American, and is considered by the best authorities to be of little danger to 
the beekeeper who keeps his colonies strong and requeens annually, using 
stock which has proved resistant to disease. Like American foul-brood the 
disease is infectious, and can be easily transmitted from diseased to healthy 
colonies. European foul-brood spreads through the apiary and through the 
brood-nest of the colony at a much faster rate than American, with the re- 
sult that the colony infected can become practically rotten with disease be- 
fore the beekeeper is aware of it. 
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CAUSE. 


The cause of European foul-brood has been practically determined to be 
Bacillus pluton (White). Although this organism refuses to grow on artificial 
media, by process of elimination it has been proved that the other organisms 
found in larvae infected with European foul-brood are not the exciting cause 
of the disease. It therefore appears that Bacillus pluton is the exciting 
cause. Bacillus pluton is smaller than the causal organism of American 
foul-brood and has a different shape. This difference in size and shape 
aids the bacteriologist in determining microscopically the kind of foul-brood 
being examined. There are present in diseased larvae any one or all of 
several bacteria other than Bacillus pluton. This fact has caused some 
confusion among investigators. 

European foul-brood attacks the larvae at a much earlier age than does 
American, usually at two days of age or older. As the period of sickness 
has been determined to be two days or more, larvae are at least four days 
old when they die. In fact it is at this age that larvae are most often found 
dead of European. However, as larvae dead of the disease are sometimes 
found in capped cells it is evident that older larvae are also occasionally at- 
tacked. All three classes of larvae are infected, and unlike American, Kuro- 
pean foul-brood frequently attacks drone and queen larvae. 

Experience has proved that black bees are more susceptible to the disease 
than are Italian. Furthermore it is possible to develop strains of Italian 
bees by selection which are more nearly immune to the disease than others. 
For that reason beekeepers in European foul-brood districts should endeavor 
to raise their own queens from colonies which show resistance. ‘The disease 
is most prevalent in the spring time. The coming of the honey flow will 
often remove all traces of the disease in the colony, while cessation or lack of 
a honey flow seems to assist in the destruction of the colony. 


SYMPTOMS. 


It has been shown that there are three stages of development at which 
larvae are attacked by European foul-brood. The early stage at which they 
are attacked is when they are at least four days old and lie in the bottom of 
the cell in a C shape, not entirely filling the end of the cell. It is at this 
stage that European usually attacks larvae. They are also attacked at a 
slightly later stage of development, at which time they occupy the whole 
of the end of the cell and have begun to stretch out into the base of the cell. 
Larvae are frequently found dead of European at this stage. European 
foul-brood also attacks larvae after they have been capped in the cell, and 
it is from brood found dead at this stage that much of the confusion in dif- 
ferential diagnosis between European and American is experienced. Healthy 
larvae in the various stages mentioned are perfectly white in color, sometimes 
with a slightly bluish tinge, plump and rigid, and appearing firm. The 
position occupied in the cell will depend, of course, on the stage of develop- 
ment. Those in the first stage are still curled up in the end of the cell, while 
those in the last stage will be stretched out’ the entire length of the cell and 
capped over. 

~ When attacked by the disease the larvae turn color from a healthy white 
to a yellowish tinge, sometimes more distinct than at others, later turning to 
a brownish color as decay goes on, and finally becoming a dark brown in the 
final stage of decay. The brood-nest has the appearance of a pepper box, 
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Fig. 5. European foul-brood: a, j, k, normal sealed cells; b, c, d, e, g,i,1, m,n, p, q, larvae affected by 
disease; r, normal larva at age attacked by disease; f, h, n, o, dried down larvae or scales. Three times 
natural size. From Farmers’ Bulletin 442, U.S. Dept. of Agr., Bureau of Entomology. 


after the disease has progressed somewhat, due to the scattered cells of dis- 
ease among the cells of healthy brood. Occasionally a larvae will be found 
dead of the disease in capped cells, and then there will be punctured and sunken 
cappings present. However, the disease attacks the larvae before they are 
capped over as a general rule, and therefore not as many punctured and 
sunken cappings are found as in American foul-brood. Usually there is 
very little odor present. Exceptions to this rule have been reported, how- 
ever, and it is probable that putrefactive organisms such as B. alvei, which 
are present in the larval remains, are the cause of these odors. The writer 
has examined microscopically several samples of foul-brood in which were 
larvae containing the causal organisms of both American and European 
foul-brood. Such dead larvae have unusual odors; some that of decaying 
meat, others, the odor of rotting vegetables. These cases, although excep- 
tions, emphasize the advisability of microscopic examination as a check to 
gross diagnosis, especially of those samples which do not have all of the 
regular symptoms. 

In the process of decay the skin of the larvae becomes tender and easily 
broken, much the same as in American, but at no time is there the ropiness 
of the decayed material that is found in American foul-brood. Just before 
the decayed matter dries down into the scale the material is sometimes 
stringy and more or less granular, but does not possess any of the elastic 
qualities of American foul-brood. During the first stages of decay the con- 
tent of the body is watery in consistency. The tracheae of the larvae fre- 
quently stand out as white lines resembling spokes in a wheel. This char- 
acteristic may remain after the scale is formed and is one of the ways of dis- 
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tinguishing European foul-brood. Larvae which are older than four days 
commence to stretch out in the cell as room for growth is required, and when 
attacked at this period will be found dead in a sort of a cork screw position. 
Sometimes the larvae are attacked after they have stretched out in the bases 
of the cells, but this is not the general rule. The scales are not adhesive to 
the walls of the cell as are the scales of American foul-brood, and can be re- 
moved by the adult bees. Furthermore, diseased larvae which have not 
aes down in the scale are sometimes removed by the adult bees in piece- 
meal. 


METHODS OF SPREAD OF THE DISEASE. j 


European foul-brood is spread from diseased to healthy colonies by means 
of the transmission of infected honey or other diseased material. The rob- 
bing of diseased colonies by healthy ones is probably the most frequent 
method of spread. The interchanging of combs of brood from diseased to 
healthy colonies also transmits the disease. It is possible that nurse bees 
from the diseased colony may carry the virus on their mouth parts and body, 
thus infecting healthy larvae in feeding them. It is also probable that oc- 
casional nurse bees from diseased colonies return to healthy colonies after 
play flights, carrying diseased material. This has not been definitely proved. 
As the virus lives in honey about 7 months there is slight danger of infection 
from feeding honey which has been carried over winter. Dry extracting 
combs which have contained honey: from a European foul-brood colony 
would probably transmit the disease to brood reared in those combs. How- 
ever, as the virus lives for a shorter period of time in the scales and honey 
than the virus of American foul-brood, the European is more easily controlled. 


TREATMENT. 


The method of treatment of European foul-brood will depend upon the 
progress the disease has made in the colony, the race of bees, the strength of 
the colony and the honey flow. It is known that Italian bees resist European 
foul-brood better than other races, probably due to their superior ability as 
house cleaners. It is also known that European foul-brood is a disease of 
weak colonies principally and will usually disappear in the colony with the 
arrival of a good honey flow. If the disease has not made considerable pro- 
gress in the brood-nest by the time the treatment is given it is advisable to 
allow the bees to clean up the diseased combs. If on the other hand a very 
large percentage of the brood nest is diseased it is questionable whether it 
is best to force the bees to clean up the diseased combs or whether the colony 
should be shaken on to full sheets of foundation and given a young laying 
queen of resistant Italian stock. If the bees are to be forced to clean up the 
disease the following method is followed: First, make sure that you will 
have a young laying Italian queen available two weeks from the time the 
treatment is given. ill the queen in the diseased colony, and if the diseased 
colony is weak in bees double enough diseased colonies together to make 
strong colonies. Allow these colonies to remain queenless for from ten days 
to two weeks, then introduce the young laying queen of resistant Italian 
stock. If the attack is mild and the colonies are already of pure Italian 
stock it may be desirable to cage the queen for ten days instead of killing 
her. Dr. Miller used this method successfully. If the queen is old, and 
especially if she is not Italian, it is always best to kill her. The period of 
time that the colony remains queenless will depend upon the length of time 
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necessary for the bees to make the combs free from scales. However, it is 

not necessary to wait until the diseased combs are completely clean as the 
introduction of a young laying queen sometimes stimulates the bees to greater 
activity in cleaning house, and although! a few cells of disease may appear 
after the queen has been introduced it will soon disappear completely. 

It is extremely desirable to treat at the beginning of or during a honey 
flow, as the incoming nectar and the hive activity associated with a honey 
flow stimulates the young bees to greater activity in the removal of diseased 
material and greatly assists in the success of the treatment. It is very neces- 
sary to have the colonies as strong as possible during the queenless period 
and full of young bees. It is not considered necessary to disinfect hives 
which have contained European foul-brood before using for healthy colonies. 
Combs which are so foul that it is not advisable to compel bees to clean them 
should be treated as American foul-brood combs. 


Sac-Broop. 


Sac-brood is an infectious disease of bees in the brood stage, the cause of 
which has been proved to be a filterable virus. Its effect upon the colony 
is usually not serious. Due to the fact that larvae die of sac-brood at ap- 
proximately the same time as those attacked by American foul-brood a 
careless observer might, at first glance, mistake sac-brood for American. 
However, the position of the scale in the cell, well compared to the shape of 
a Chinaman’s shoe, together with the looseness of the scale in the cell makes 
differentiation simple. 

The method of spread of the virus is not well known, nor is the relation 
of the race of bees to resistance to the disease of value. In ordinary beekeep- 
ing practice, a treatment for sac-brood is rarely necessary. Requeening a 
colony which has a severe attack, with a vigorous young laying queen usually 
cleans up the disease. The virus is not present in the scales, and a hive 
which has contained a colony suffering from sac-brood should be all right for 
use with a healthy colony without treatment. 


NoseMa DISEASE. 


Nosema disease is a disease of adult bees caused by the protozoan Nosema 
apis. It is probable that the disorder caused by Nosema apis is recognized 
by other names in different countries and in different sections of the United 
States. It is not known that there is any relation between Nosema disease 
and Isle of Wight disease, and there probably is not. ‘The disease attacks 
the adult bees through the alimentary tract. Usually the first symptoms 
of nosema disease is weakness of the colony. As the affected bees behave 
similar to healthy ones, a slight attack on the colony would never be noticed. 
The disease does not affect the brood, and work in the colony goes on nat- 

-urally. The-method of spread of the disease is not well known. The spores 
of the disease pass out of the affected bee in the excrement. Should this 
excrement fall in the water supply of the bees it would furnish one means of 
spread. The bodies of bees dead from nosema. disease in the water supply 
would probably transmit the disease. The infection may or may. not kill 
the colony. It does, however, weaken the colony to such an extent that in 
many cases little or no surplus honey is stored. As diseased colonies become 
weak it is probable that robbing is one means of spread of the disease.- The 
disease is not considered of great importance in Michigan at present, 
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Dysentery is not a disease, but is the result of prolonged retention of the 
feces by the bees during the winter months. This results in the production 
of an irritation in the intestines of the adult bee with the result that the 
feces which can no longer be held are voided within the hive. Evidence of 
dysentery is found in the spotting of the frames and interior of the hive and 
entrance. Colonies suffering from dysentery usually begin brood-rearing 
earlier than normal in the spring, and as a result lessen instead of improve 
the chance of recovery. Dysentery is very likely to produce the disorder 
referred to as spring dwindling. 


Spring DwINnpDLine. 


Spring Dwindling has doubtless been used to indicate various disorders. 
The term as it is commonly used by beekeepers refers to the condition of a 
colony in the spring in which the number of bees very rapidly diminishes. 
This is usually the result of the death of those bees which have worn them- 
selves out in the process of maintaining the cluster temperature during the 
winter. Colonies without sufficient packing during the winter, and espec- 
ially colonies composed of a majority of old bees the fall before, are especially 
likely to appear in this condition. This disorder is not a disease but a con- 
dition of the colony which can largely be prevented by the beekeepers who 
take proper precautions in the preparation of the colony for winter. 


PARALYSIS. 


The disorder referred to by beekeepers as paralysis or Disappearing Dis- 
ease or Palsy is little understood. ‘The disease may suddenly attack every 
colony in an apiary. Affected bees will be observed on the grass in front of 
the hive and throughout the apiary in distorted positions, some crawling 
upon a blade of grass and attempting to fly; others fanning feebly. Still 
others will rear themselves on their fore legs and mandibles, fanning, while 
others will be found crawling on the grass with abdomen pulsating rapidly, 
which has given rise to the term Palsy. The disease may appear throughout 
the apiary one day and be gone completely the next, or it may remain in 
the apiary several days or longer. In some apiaries a few colonies are af- 
fected throughout the season, whereas all others appear to be healthy. The 
disease may reappear after it has once left the apiary. The irregularity of 
its behavior has given rise to the term “Disappearing Disease.”’ It is prob- 
able that more than one disorder is indicated by the term Paralysis, but actual 
proof of this is lacking. The cause of the disease is not known, and no known 
treatment is satisfactory. The most serious effect of the disease is to so- 
weaken the colonies affected as to prevent the storing of surplus. Apparatus 
from colonies which have been killed by the disease can apparently be used . 
for healthy colonies without reinfection. 


Iste or WiGHT DISEASE. 


Isle of Wight Disease is a disease of adult bees which causes serious losses 
in England and neighboring territory. _ Usually the symptoms are similar 
to those of nosema disease, although it-is-very likely that the two diseases 
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are different. Recent investigators have demonstrated the possibility that 
the disorder is caused by a mite which occupies the tracheae or breathing 
tubes of the bee, thereby shutting off air circulation. The disease is not con- 
sidered serious in Michigan. 


NECESSARY PRECAUTIONS. 


““An ounce of prevention is worth a pound of cure.”’ The beekeeper can 
often save himself much trouble and expense by eee disease from 
getting a foot-hold in his apiary. 

Never feed honey—unless you are absolutely sure it is not infected— 
without diluting one-half and boiling in a closed vessel for twenty minutes. 

Never purchase bees from anyone without inspection by a competent per- 
son or else with inspector’s certificate attached. 

Never allow a weak or dead colony to be robbed out. It may be diseased. 
Contract the entrance of weak colonies to one bee-way in robbing season. 

If you attempt to winter diseased colonies, if at all possible winter them 
in the cellar where they can not be robbed out in early spring if they die in 
winter. 

If you winter outdoors see to it that all colonies not defending their en- 
trance in early spring are closed to prevent robbing. 

The use of old combs and second hand apparatus of all kinds is dangerous. 

Never expose sweets of any kind during the robbing season. If robbing 
is once started your bees may visit diseased colonies in the neighborhood. 

Be on the watch continually for symptoms of disease in your apiary. 
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THE ROBUST BEAN. 
Special Builetin No. 108. 


FRANK A. SPRAGG AND E. E. DOWN. 
DESCETE TION. 


The Robust is a variety of common white navy bean that has econ- 
sistently outyielded all other varieties compared with it at the Michigan 
Agricultural College. It originated from a healthy individual plant 
that was selected ‘from among a lot of commercial beans containing 
mosaic, in 1908. 

The Robust takes more time to develop a root system, but in the end 
develops a larger root area than ordinary varieties. The earlier varieties 
are first to set bloom, while later the Robust blooms profusely and has 
a very much larger setting of pods. The Robust cannot be said to resist 
drought any more than other varieties. In case a test is planted on 
sandy soil and drought kills the beans in late summer, other varieties 
may yield more because they set their pods earlier and mature more 
beans before the hot spell. 

On the other hand, the Robust is able to set pods in a hotter sun than 
ean the common varieties provided the soil contains enough moisture 
at that time to maintain plant sap. In 1916 the Robust was the only 
variety that had a good setting of pods at this Experiment Station, as 
the other varieties dropped their flowers during a hot spell at blooming 
time. Most of them lost the second setting of flowers and failed com- 
pletely. Plant selections were made from the Robust and from some of 
the better commercial varieties that summer, and planted in plant-rows 
during the following season (1917). 

The leaves of the Robust are usually more wrinkled and drawn in at 
the edges than are those of other varieties, which may be quite flat. The 
leaves of most varieties turn yellow and drop more or less all summer, 
probably due to bacterial blight. The Robust holds its foliage and main- 
tains it in a profuse dey elopment until a few days before harvest time, 
when the foliage turns yellow and drops off asa whole. Because of this 
characteristic, ‘it will normally withstand a frost that will kill the leaves 
without injuring the pods. The foliage then opens up, and the pods ma- 
ture rapidly. A month before harvest the Robust is normally picked out 
as the greenest variety in a series. 


OTHER EXPERIMENT STATIONS TEST ROBUST BEANS. 


Besides the tests carried on at this Experiment Station, the Robust 
has been tested by several other stations, notably New York, Connecticut, 
Rhode Island, Quebec, Minnesota, and Iowa. These stations give favor- 
able reports, saying that the Robust variety yields more than the average 


EXPERIMENT STATION BULLETINS. 307 


_yariety, and in many cases considerably more. In New York, Professor 

Donald Reddick has tested several strains of Robust and found them 
to be immune to the Mosaie disease. It seems that resistance 'to Mosaic 
is very important in New York State as the bean industry was in danger 
of being destroyed by the disease. It is yielding fully as well for them 
as for us. 

In Iowa the test was made in connection with a soybean variety series, 
a number of common beans being included. Ove Jenson, the experimenter, 
reported that the Robust produced four times as much as any other com- 
mon variety in the season of 1917. 

During the same year, G. W. Putnam obtained good results at Delevan, 
Kansas. In short the Robust is a high producing, disease and heat resist. 
ant variety of white navy bean that “should be given a fair trial in every 
bean section in Michigan. 

This bean, according to reports is becoming a standard in New York 
and some portions of the middle west. 


SELECTION AND CROSSING. 


Beginning in 1907, plant selections were made from new commercial 
varieties almost annually, until in 1917 there were 173 commercial sources 
of seed that had thus been included in the work. Mosaic was bad among 
the beans in 1908, causing a large number of plants to fail to set pods. 
Only productive plants were say ed for future plantings. It was also clear 
in 1909 that many lots of beans were mixtures of early and late strains 
as they came to the Station. 

Some crosses were obtained in 1912, which began to segregate in 1914, 
and out of these crosses originated a confusion of types in the years that 
followed up to 1918, when 200 individual plant selections from these 
beans were included in the plant-row series. Two graduate students 
wrote theses on these beans during the years 1914 to 1917. 

A new lot of crosses were made by G. W. Putnam in the winter of 1916- 
17. These new crosses began to segregate in 1918, and have been exten- 
sively planted and selected during the years 1919-1920. Ont of this work 
it is expected that a white navy bean may be obtained that is immune to 
anthracnose as well as mosaic, but this work must continue a few more 
years before such a bean can come true to type and be given a yield test. 

In 1918 several hundred individual plant selections were made in 
farmers’ fields, widely scattered over Michigan. From these new acces- 
sions, about 200 plant rows were planted in 1919. The better yielding 
strains were increased in 1920 so as to enter a new varietal series, be- 
ginning 1921. 


YIELD TESTING. 


Table I shows the results of varietal testing during the years of 1912 
and 1914. The Robust (No. 81302) was used as a check, being planted 

each fifth plant inside of edges. A plat consisted of two rows, each 637 
feet long and 28 inches apart. At harvest time the puller put the two 
rows into one. The threshing was done carefully to prevent varieties 
from mixing and to obtain all the seed. 
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TABLE 1, BEAN VARIETAL SERIES 1912-1914 
Percentage Yields of Robust (81302) 


Variety. 1912. 1913. 1914. Ay. %. Bus.* per A. 
TRODUSt AS ee stan sicieoe steele ee 100.00 100.00 100.00 100.00 30 0= le 
BONO Mate eset us le rales keeohegee cae 79.44 73.50 5213 68.36 23.9 +=1.0 
COokese. Fok RE Fe oeeres 64.54 71.96 63.25 66.58 23.3 =1.0 
IN OMS TSO a ce law One 75.00 67.95 54.48 65.81 23.0+=1.0 
SHOCSMAIT MN Ae ta. a ene ee 74.7 62.48 57.40 61755 PA airy ==il.(0) 
INOVS842045 48% oh. Ap cera: few cen 68.77 66.47 44.89 60.04 21.0 =1.0 
MandisuUmineateds ree sae ee 62.24 > 56.45 48.00 55.56 19.4+0.8 
aAnGissinoculated ean ankenrccmsl hee ete een ce 38.03 44.88 41.45 14.5 =120 
andissl—300) Hormalinece- |e eine seein 48 .03 43.79 45.91 Mifeal e531 10) 
WaAndist—5O00 Weise Gila sree ee ee ee ee 65.22 46.28 5S) 19.5=1.0 
Boston, . at. By Oa clots 54.54 58.13 53,12 55.26 19.3 +0.9 
POY OUD gt Nc Meant ope oh aales vey eae aes all RL © 8 Tae Dhe By oh 47.19 46.90 47.04 i ayersy SS Sit) 
White se GHEY Shiau bets oe ee ee 42.08 57.72 37.90 45.90 16.0+0.7 
Ogemaw Soy.. Sh areiseerae sis 51.19 39). COAG, confetti 0 45.42 15.9 +0.6 
Redmon eye renrte css sey cee oe 50.13 48.61 Soot 44.00 15.4 +0.6 
Early Bluff Cow Peas......... aes 62.87 12.78 30.32 10.6 £0.5 
(ECS cablite 3M RANE Ty eet Oa ied mitt a ade P| Te Kae Reema te 25.78 25m 9,0 +1.0 


*The probable errors are asked for by experiment station workers generally, and are given here in 
connection with the yields in bushels per acre. They indicate that these results are expected to be 
correct within a bushel either way. 


The results are expressed as percents of Robust and show that the 
Robust produces one and a half times that of the highest yielding com- 
mercial variety in the series. The results also show that the other se 
lections of 1908 were inferior to Robust. The varietal testing work was 
discontinued at this point because the Robust variety had demonstrated 
its superiority so conclusively and because the other work demanded the 
use of all land then available. 


DIFFERENT STRAINS OF ROBUST. 


The Robust (81302) that was used up to this point and distributed in 
1915, was further selected in 1914, and tested in plant-rows in 1915. Five 
of these strains No. 40509, No. 40511, No. 40515, No. 40516, and No. 40520 
were increased in 1916 and entered the varietal series in 1917. 

Thus it happened that a new selection of Robust (No. 40511) became 
the check in the 1917-1920 yield series, and that other strains of Robust 
were included in that series to determine the relative yielding power of 
the different strains. The principal part of the new varietal series was 
composed of farmers’ varieties from the bean sections. 

The check in the 1912-1914 varietal series had been Robust (81302). 
As this was the Robust that was distributed in 1915 and has since been 
sold by the Michigan Crop Improvement Association, we wished to know 
the relative yielding power of the old strain (No. 81302) and the new 
(No. 40511). 

This question arose in 1917 in connection with the inspection of and 
certification of the Robust beans. For this purpose the growers of pedi- 
greed Robust (No. 81302) beans were requested to submit a sample of 
their beans to be planted in the College varietal series in 1918. These 

samples were grown in duplicate plats and each pair of results averaged. 
The results are expressed as percents of the new check (Robust ‘No. 
40511) and are as follows. 
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TABLE II—PERCENTAGE RELATION BETWEEN THE OLD (81302) AND THE NEW 
ROBUST (40511). 


Per cent of 

Grower. Address. No. 40511. 
Sr pRICO ATG BOP ANC erg elapse splat: shi i INOS UGE Se eon Sa OB AIS DOU CEE bao ates 82.1+3.2 
CRP DICKI SON ee Bere ee ee Se ee ee ees PMMA ORU Aeon as os oe ke celles 93.5+=3.6 
CH aieINGISOIS ST: crea ebiea ceriaan «clade bet Hate dace PAO Hai Pn tee ice trac Pe eaters (Pee LOZ), 2p be 
1D Ff bd SB Lata Serle ae, este cies ee ae ee ae WA GK SIO TER re eerie Care rts. cette t od cats penne 83.0 +3 .2 
MV A A SATLL OLN 4 on Woe cletett tine Gane fe ip RaAGae pe seers eee eh hone ne wen 91.4+3.6 

OTIS Vy EAL a Pen ne ay ars Oe a Centienvillesyas: Reeves Pick eto etna: W8.4=3. 
AV ELAe CeO alex CeDE Ne ISOM SESt halle. tis (\25. pd. otteaa te cette cinaiek wicks oe diss kloeee re 87 7=25 


The Nelson strain is not the original No. 81302 but came from a later 
selection which appears to be similar to 40511. The results given in 
Table II are only the data from one year. The results obtained are so 
similar that one would have great confidence in the average. Statistical 
methods however show the probable error is only 1.5 percent. This 
informs us that true average yield lies between 86.2 percent and 89.2 
per cent. If these are results from the same strain of beans, the indi- 
vidual determination should be within the range (86.2 and 89.2). How- 
ever four of the five results lie outside of these extremes. This leads us to 
believe that these strains are not alike but POSSESS different yielding 
power, although originally from Robust No. 81502. 

Again, in 1918 indiy idual plant selections were made from Robust 
(No. 81302) fields in Genesee, Oakland, Oceana, and Jackson counties. 
These selections were tested in the 1919 plant row series. After the 
results were obtained over one-half of the Robust plant rows were dis- 
carded as too poor to continue in the breeding work at the Michigan Ex- 
periment Station. Twenty-seven of the selection tested in 1919 were 
continued in the 1920 plats. Seventeen of the selections tested in 1920 
were from Genesee county. The average yield of these 17 selections 
was 74.3-+2.8 percent of the yield of the 40511 strain. One of these 
selections yielded 49.7 percent while more than one-half of them yielded 
less than 68 percent and only one selection yielded as much as our check 
(No. 40511). The other selections from farmers’ fields gave similar 
results. This shows the Robust bean in the hands of farmers lacks ani- 
formity, indicating that a mixture has occurred somewhere along the 
line, and that this mixture varies greatly in producing power. 

To sum up, investigation shows that many of the varieties termed 
“Robust beans” in the hands of farmers are no better than the common 
commercial yarieties grown throughout the country. This is due to two 
causes: first, the original strain of 81302 was not as good as our present 
strain. Second, the mixture of other varieties has lowered the yield of 
the 81302 strain. Growers with these strains of inferior value should 
change their seed for highly productive Robust of unmistaken origin. 
The Farm Crops Department will farnish information in regard to safe 
sources of seed of pure Robust. The results of the 1917. 20 varietal 
series show that a new strain of Robust No. 40520 is yielding 15.4 percent 
above the check (No. 40511) and one and a half times the yield that 
has been obtained from Early Wonder. The No. 40520 strain will be 
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increased during the summer of 1921, and will be available to pedigreed 
growers in 1922. 


THE 1917-1920 VARIETAL SERIES. 


In 1916, increased effort was made to obtain the better varieties of 
beans being grown in the bean sections of Michigan. Plant selections 
were made from several farmers’ fields that fall, and other lots were 
obtained during the following winter from members of the Michigan 
Crop Improvement Association, seedsmen and others. 

Thus in 1917, a new series of varieties was planted in a newly planned 
five year rotation, the rotation being a spring grain, clover (clover plowed 
under during the second season for wheat), wheat (clover is seeded in 
wheat and plowed under early in May of next season), beans, and corn. 
The plantings of any one year will include all of these crops. 

The varieties of beans were drilled in rows 420 feet long, two rows 
being devoted to variety. Inside the edges, Robust No. 40511 was used 
to plant checks (each fourth plat) of the varietal series. The object was 
to determine the yielding power of the No. 40511 strain on each and 
every plat of the series, and to calculate the yield of each variety as a 
percent of the yielding power of Robust No. 40511. 


TABLE III—BEAN VARIETAL SERIES 1917-1920—PERCENTAGE YIELD OF ROBUST NO. 40511. 


Percent 
Variety. 1917. 1918. 1919. 1920. Average. Bus. Days Early 
per A. growing. Wonder. 
Robust No:40520) |. ..0:.<.2.s: 117.9+6.8] 112.6+7.5] 109.9+4.5) 118.4+3.7| 23.9+.8 102) 152.3+5.0 
Robust No. 40516...| 92.8+3.8] 117.4+6.8} 101.9+6.5; 100.8+4.1] 103.2+2.8] 21.8+.6 102} 188.6+3.8 
Robust No. 40511...} 100.0+1.3} 100.0+1.5} 100.0+1.8} 100.0+1:3) 100.0+1.3 2b l= 22 102} 184.2+1.7 
Robust No. 40509...) 97.1+4.0} 104.3+6.0] 99.7+6.6! 91.8+3.7| 98.2+2.6 20.7+.6 102) 131.9+3.5 
Robust No. 40515. . O370==4:10| 92) 8=oro| Gi 0 2 beolics sista eee 96.2+3.1 20.3.7 102} 129.2+4.2 
Kimmel. eee ae. e 82.3+=3.3| 72.6+4.4| 88.8+5.9| 94.5+3.8) 85.4+2.2 18.0=.5 101) 114.7+3.0 
Crawiords oncscce. 80.63.3) 75.7+4.4| 80.5=5.3| 85.2+3.5| 80.5=2.1 17.0+ 4 97; 108.0+2.8 
Hunterio.!22..02)..| 8625355] 1522-643) 77251); (82.2534) 80.3200 16.9+ .4 97| 107.8+2.8 
Ue ea ieee Pas arene 80.9=4.6| 78.5+5.2| 78.6+3.2| 79.3=2.6 16.7.5 97) 106.5+3.5 
13 (a0) fd ylJe Sei page tO 2-eoeo) To. t-=400l el 4s || 8s27-=o.6)), (ep 2e0 16.6+ 4 97| 105.4+2.7 
IBOvne ieee «ieee 82.8+3.4| 80.3+4.6| 72.0+4.8} 76.3+3.1| 77.8+2.2 16. 4+ 4 97| 104.5+3.0 
@oimairserr oats. sere 77.33 .2) 66.9=3.8| 71.1+4.7| 94.0+3.8) 77.3=2.0 16.3+ 4 97| 103.8+2.7 
Darlings) ea s.ce 86.0+3.5] 68.3+3.9| 68.4+4 5) 85.6+3.5) 77.1+1.9 16.2+ .4 97) 1038.4+2.5 
Armstrong..........| 91.4+3.7] 67.143.8]} 67.7+4.6| 79.8+3.2| 76.5+1.9| 16.1+.0 98| 102.7+2.5 
Gremer i yee. FEE Sere 77.0+4.5| 64.0+4.3] 83.2+3.4| 74.7+2.4 15.8+ 5 97| 100.3+3.2 
Wermont + bewe so Gcil\: cory ee 81.7+6.6| 62.0+4.1] 80.4+3.3| 74.7+2.8 15). 7=.6 97| 100.3+3.8 
Early Wonder...... 73.4+3.0) 71.0+4.1| 65.2+4.3) 88.3+3.6| 74.5+=1.9 15.7+ .4 97| 100.0+2.5 
WRenryee: eee 65.1+2.7| 81.8+4.7| 75.0+5.0| 74.9+3.0) 74.2+2.0 15.6+ .4 97; 99.6+2.7 
Mexican Tree... .| 74.5=3.0! 65.0+3.7| 64.4+4.3] 90.2+3.7| 73.5+1.9 15.5+ 4 100} 98.7+2.5 
LS Ee as ace el Recbicnts ates 66.2+5.4| 71.9+4.8] 82.2+3.3) 73.4=2.6 15.5+ .6) 97| 98.5+3.5 
iBadbAres. 5. ce vate 1 A382) 15154090) 67 4-405) 630-256) 7078-129 14.9+ 4 97} 94.9425 
(Coed ey a Aa ee el eee ea 6828-470) 654" 0==200|emceisscas a 51.4+2.3 10.8+.5 102} 69.0+3.1 


Table III shows the yields of the 1917-1920 varietal series expressed 
as percents of No. 40511. An average is taken of the results on each 
variety, obtained in the different years. The next column shows these 
results based on the average yield of the No. 40511 strain during these 
years. These results are low because of a poor crop in 1918, in spite of 
the fact that the No. 40511 strain yielded 31.48 bushels per acre in 1920. 

Another column shows the average number of days that these beans 
require, between planting and harvest. The varieties fall into two classes, 
viz., late and early varieties. There are three varieties that are as late 
as Robust, but yield much less, and therefore are not worth considering. 
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The Robust selections that were included in the varietal series are all 
considerably higher in yield than the earlier varieties. There are only 
five days’ difference between these classes. The problem is, does the farmer 
need an early variety, or could he plant the Robust bean a week earlier 
and have them ripen in good season. 

The Early Wonder is the best known and most widely erown of the 

earlier class of beans. The last column expresses the results obtained in 
the form of percents of Karly Wonder. This shows considerable variation 
(or a range of 12.8 percent), among the earlier varieties. The Crawford 
and Hunter are just as early as Early Wonder and yield 8 percent more 
beans. If there is a need for these early beans the highest yielders should 
be used. For this reason the Crawford and Hunter beans should be 
tested in those sections of the State where earliness is a factor in ripening. 

The Crawford comes from Breckenridge, Gratiot county, and the Hunter 
comes from Sandusky, Sanilac county. 

When we come to compare Early Wonder with Robust Ni. 40520, it is 
observed that the latter has produced on the average of one and a half 
times as many beans per acre as the Barly Wonder. 

The 40520 strain will be used as the check in a new varietal series be- 
ginning 1921. Of the beans listed in Table ITT only Robust No. 40511, and 
No. 40520 will be included. All other varieties will be dropped. The new 
strains entering the varietal series, originated from breeding work 
running back eight years, and from individual plants, selected out of 
farmers’ fields in 1918. 


THE BEAN AND ITS SURROUNDINGS. 


The bean is one of the most sensitive crops to its surroundings. To 
have a good crop, there must be an abundance of available plant food, 
and a suitable temperature for rapid development at the time that the 
beans are planted. For best results the bean plant must not be retarded 
in growth. The best location is a clover sod plowed down in the fall or 
early in the spring and thoroughly worked, up to bean planting season. 
The seed bed should be thoroughly fitted before the crop is planted. 
‘Weeds are thus more easily controlled, and available plant food prepared 
for the seed. The seed should be clean, free of beans carrying blight and 
anthracnose, and also of immature and damaged beans. 

The time of planting Robust is very important. A good harvest time 
should be considered at planting time. The crop requires a hundred 
days between planting and harvest. Middle September is usually a good 
time to harvest and cure the beans. By the first of October there is a 
greater danger that frosts and storms may injure the crop. For this 
reason Robust beans should be planted during the first week of June or 
earlier, if the ground is well prepared and warm enough for immediate 
germination. If planting of Robust is delayed until much after the 
middle of June, early frosts and storms may injure the crop. 

Care must be taken not to pull the beans too soon. Leaves hinder 
curing and in wet weather will hold a surplus of water. In the case of 
the Robust, the leaves may be safely allowed to drop entirely before 
pulling. In the case of Early Wonder and beans of its class, the leaves 
will not all drop off, but should be nearly gone at harvest time. The de- 
foliated crop can now be quickly pulled, cured and housed for threshing, 
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with little danger of being discolored. Beans that are pulled with 
their leaves on, do not cure easily and may be badly discolored. 


RATE OF SEEDING. 


The rate of seeding has proved to be a very important factor in rela- 
tion to yield. 
TABLE IV—RATE OF SEEDING—RESULTS OBTAINED WITH NO. 40511 ROBUST. 


Pounds per A. | 1917. | 1918. 1919. 1920. Ave. Bu. per A. | Diff. in bu. 
| 


3] 66.023.6| 70.7+44]| 84.9+3.3| 76.1+1.8] 16.1+.4 2.9 
6] 75.8+4.2| 975462} 95.343.7| 90.2423] 19.0+.5 21 
3 | 100.0+1.5 | 100.0418 | 100.0+13 | 100.0+13| 21.1+.3 2 
Tt) Is Se 106 4+6.7 | 100.9439 | 101.0+28| 21.3+.6 4 
Hime oa 113.1+7.0 | 101.1£3.9 | 101.2429] 214+ 6]............ 


Investigations were begun in 1917, to determine the best rate of seeding 
and were continued during the four years 1917-20. Plats wre planted in 
approximately 20, 30, 40, 50 and 60 lbs. per acre, in duplicate just as 
though they were planted with different varieties of beans. However 
the check variety No. 40511 was used in all cases. 

The results in Table IV are expressed as percents of the yield obtained 
when 40 pounds of beans were planted per acre. An average is taken for 
the results obtained in the various years. These averages are expressed 
as bushels per acre in the next column. These results show an increase 
of 2.9 bushels per acre, between 20 and 30 pound rates, and 2.1 bushels 
per acre between 30 and 40 pound rates, but show that the grower would 
no more than get his seed back when planting more than 40 pounds of 
beans per acre. The results vary considerably in the latter result. 1917 
shows a decrease in yield above 40 pounds, while 1919 shows good in- 
creases above 40 pounds. In 1920 the results are much the same as the 
average. 

The following calculation interprets these results in terms of average 
distance between beans in the row. A thousand Robust No. 40511 beans 
were found to weigh .5053 of a pound. According to this it would take 
37.73 pounds of such seed to plant an acre, planting the seeds three 
inches apart, or 113.2 pounds of seed to plant the seeds one inch apart. 
If we let a equal number of inches between the seeds in the row, and # 
equal pounds per acre, ax equals 113.2, or the product of the distance 
between beans in inches and the seeding in pounds per acre, equals 113.2 
Forty pounds per acre indicates that the beans were planted less than 
three inches apart on an average. 


CONCLUSION. 


1. The Robust has no competitor at the Michigan Station when yield 
is considered. 

2. The Robust is not an early bean, but as early as a number of varie- 
ties now grown in the State. 

3. The Robust should be planted by the first week in June. 

4. When earliness is the determining factor it may be well to try 
Robust on a small scale, but plant it early. 


EXPERIMENT STATION BULLETINS. 313 


5. Forty to forty-five pounds (approximately 21 to 24 qts.) of seed 
planted to the acre give the greatest returns from seed. 


MICHIGAN AGRICULTURAL EXPERIMENT STATION AVAILABLE 
PUBLICATIONS ON BEANS 


Experiments on the Control of Bean Anthracnose and Bean Blight 
Technical Bulletin No. 38 


Some Bean Pointers 
Extension Bulletin No. 6 


Free copies may be had upon request to Director R. 8. Shaw, East Lansing, Michigan 
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DEPENDABLE MICHIGAN CROP VARIETIES. 
Special Bulletin No. 109. 


J. F. COX. 


THEIR DEVELOPMENT AND DISTRIBUTION, 


Crop varietal tests held in a large number of communities show that a 
ereat number of crop varieties of varying quality and yielding ability are 
being grown. If all farmers in any one neighborhood were to adopt the 
best varieties as their standards, increased yields would be secured and a 
more uniform and superior market grade produced. 

For over forty years the Agricultural Experiment Station of the Mich- 
igan Agricultural College has conducted tests of varieties and carried on 
varietal improvement work. In the early days of this work new strains - 
were distributed directly from the College and in many instances became 
mixed or “run out” in a relatively short time. During the past ten years 
there has developed a system of introduction of new varieties from the 
Experiment Station to the farmer through the Michigan Crop Improve- 
ment Association. This organization of seed growers can be joined by 
any farmer or seed grower in Michigan. The pedigreed varieties distrib- 
uted from the Experiment Station and placed in the hands of growers 
through the agency of the Association, are inspected in the field, and sold 
under certification. This plan insures the source, variety, and condition 
of the seed at date of sale. In addition, there is a large movement of this 
seed of improved varieties from farm to farm. Most of the Michigan 
seed companies, dealing in field seeds, list in their catalogs and distribute 
widely, seed of varieties which originated at the Michigan Agricultural 
Experiment Station. 

In addition to trade within the State, there has developed an extensive 
out-of-state trade, both wholesale and retail with such varieties as the 
Rosen rye, Red Rock wheat, Robust beans, and Wolverine, Worthy, and 
College Wonder oats. 

Briefly outlined, the plan for accomplishing (1) the development, the 
testing, and the increase under inspection and (2) the sale of seed of im- 
proved varieties in Michigan is as follows :— 


Tue MicutgAN AGRICULTURAL EXPERIMENTAL Station, Farm Crops 
DEPARTMENT, TESTS AND DEVELOPES VARIETIES 


VARIETAL TESTING. 


Extensive varietal tests of all major crops, including standard and new 
varieties, are maintained at the Experiment Station at East Lansing, at 
the Chatham Agricultural Experiment Sub-station, Upper Peninsula, 
and also at numerous points over the State on a co-operative basis. 
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PLANT BREEDING, 


Pure-line selection and hybridization work with practically all crops 
adapted to Michigan is carried on by the Experiment Station plant breed- 
ers. The following varieties as listed and released by Professor F. A. 
Spragg, Plant Breeder, have been contributed by the pla nt breeding work 
of this Station during the past ten years: Worthy oats, 1911; Rosen rye, 
1912; Red Rock wheat, 1913; Michigan Winter barley, 1914; Robust 
beans, 1915; College Wonder and College Success oats, 1916; Wolverine 
oats, 1917; Mich: Two- Row and Michigan black barley, 1918; and Michigan 
hardy (Hardig ran) alfalfa, 1919. 


CORN IMPROVEMENT. 


The local adaptation of varieties is established by varietal tests. Field 
selection and intensified selection by the ear-row method is carried on at 
the Experiment Station and at points over the State with leading varie- 
ties. In lower Michigan counties the Duncan, Silver King, F ‘olks White 
Cap, and Murdock corn are standard varieties; in central Michigan the 
Golden Glow and Pickett; and in northern Michigan the Early Golden 
Glow and Early Pickett. 

Large increase fields on the Station farm make possible rapid and safe 
distribution. Properly handled increase fields are highly important in 
securing effective distribution of new varieties. 


EXTENSION DIVISION AIDS IN DISTRIBUTION. 


Extension specialists and county agents aid in securing wide-spread use 
of varieties of proved worth. Cooperative variety tests, planted by Crops 
specialists, are visited by numerous farmers led by county agents. The 
strength of the Michigan Crop Improvement Association is due largely to 
the efforts of Extension men and county agents working with able 
farmers. 


THE MICHIGAN CROP IMPROVEMENT ASSOCIATION INCREASES 
VARIETIES UNDER INSPECTION. 


(Secretary, East Lansing, Mich.) 


This is an organization of Michigan farmers and seed growers who are 
interested in crop improvement through growing better varieties and the 
use of better cultural methods. A number are interested in the com- 
mercial production of high-grade seed. The association functions as 
follows: 

(1) Seed of improved varieties is distributed to members from the 

Farm Crops Department increase plats or other accepted sources. 

(2) Records of distribution and transfer of varieties are kept by the 

Secretary. 

(3) Field inspection and threshed grain inspection is supported by 
the Association under the leadership of the Farm Crops Depart- 
ment. 

(4) Certification of the seed which attains the required high stand- 
ards is made by the Certification Committee. Certification is 
based on reports submitted by inspectors. 

With the organization of the Michigan Farm Bureau Seed Department 
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Standard Michigan Corn Varieties. 


SOME STANDARD MICHIGAN CORN VARIETIES 


FIG. NO. 4. 
The Early Silver King and Duncan are well adapted to Southern Michigan. 


Pickett are widely distributed, and adapted strains are grown in southern, central and northern corn 


growing sections. 


The Golden Glow and 
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the distribution of seed of high yielding varieties was placed on an even 
more effective basis, by officially designating that organization as an 
official sales agency of the Michigan Crop Improv ement ‘Association. The 
Farm Bureau “Seed Department, which is equipped for the cleaning and 
handling of seed, has branch organizations in nearly all Michigan coun- 
ties. 


HIGH YIELDING VARIETIES PROPERLY HANDLED ON ADAPTED SOILS 
GIVE GREATEST PROFITS. 


It is an undisputed fact that the selection of good seed of high yielding 
varieties is one of the most important factors in securing a high yield 
per acre at less cost per bushel in production. When crop prices are 
high, best varieties are usually in the strongest demand. As a matter of 
fact, high yielding varities are of equally great importance to the indi- 
vidual farmer when crop prices are low, since by growing improved 
strains the production cost per bushel is materially lessened. 

In addition to growing good varieties it is important that properly 
treated seed be planted on adapted soil, properly prepared. The early 
plowing and thorough fitting of seed beds will increase yields. The date 
of planting various crops is also an important factor in determining 
yield. There isa marked tendency to plant wheat and rye too late in the 
fall and oats and barley too late in the spring. 

Acid phosphate and other commercial fertilizers high in phosphorus 
pay large profits when rightly used, particularly on grain and cash crops. 
The use of lime is essential in securing good stands “of alfalfa and clover 
in many Michigan districts. The growing of crops in proper rotation, 
with adequate applications of around limestone or marl, manure, and 
phosphate fertilizers applied during the rotation, generally build up the 
land. 

This brief circular does not aim to discuss the above questions in 
detail, but aims to emphasize the necessity of growing good varieties, 
under adapted conditions. 


CORN VARIETIES. 


Owing to the great variation of climatic and soil conditions in Michi- 
gan, it is of importance that corn varieties be grown only in regions to 
which they are adapted. Numerous variety tests throughout Michigan 
combined with a number of years’ observations, have indicated the ap- 
proximate sectional distribution of corn varieties, as shown by the accom- 
panying varietal adaptation map—Figure No. 

It is highly important that seed be carefully selected in the field and 
properly stored. Seed resulting from three years of careful ear-row selec- 
tion work at the Michigan If xperiment Station with the Duncan, Golden 
Glow and Duncan-Golden Glow Cross will be released in quantity from 
the Michigan Experiment Station increase fields in the spring of 1922, 
chiefly through the Michigan Crop Improvement Association for increase 
in a large way. 

Methods of selecting and caring for seed corn are dealt with in detail 
in the Michigan Experiment Station Bulletin No. 289, “Corn Growing 
in Michigan.” 
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Fig 5. Map indicating approximate sectional adaptations of leading Michigan corn varieties. 
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County Agricultural Agents and the Farm Crops Department of the Michigan Agricultural Exper- 
ment Station are in position to give information concerning varieties and source of dependable seed 
or established corn growing sections. 


PICKETT YELLOW DENT. 


The Pickett Yellow Dent is one of the oldest and best established va- 


rieties of Michigan. 
ing from seven to nine inches in length. 


The ear is cylindrical and slightly tapering, measur- 
It is adapted to southern and 


central Michigan. Very early strains are available for northern Michigan. 


EARLY SILVDR KING. 


The Early Silver King is a white variety introduced into Michigan 


from northern Iowa, where it originated, and also from Wisconsin, where 
it has been widely distributed after selection and adaptation, as Wiscon- 
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fond 


sin No. 7. The ear is usually from eight and one-half to nine and one-half 
inches in length. It ranges in season from 100 to 130 days. This variety 
is well known as a grain variety in southern Michigan—Section 1, and 
for silage purposes in Section 2. An early strain, which matures grain, 
is also available for Section 2. 


DUNCAN YELLOW DENT. 


The Duncan Yellow Dent was developed in southwestern Michigan, 
in St. Joseph county. It is a yellow dent variety and is both a vigorous 
grain producer and silage corn. In southern Michigan it is grown 
chiefly for grain, and in central Michigan is a good silage variety. Early 
varieties are being developed for central Michigan—Section 2. 


THE GOLDEN GLOW VARIETY. 


This yellow dent variety was introduced from Wisconsin. It is a vig- 
orous grower of wide adaptation. The ears are of a golden yellow color, 
slightly tapering, from seyen to nine inches in length. Strains of Early 
Golden Glow have been produced in Section 1, 2 and 3. Early Golden 
Glow—Wisconsin No. 12 and 25 are well adapted to northern Michigan 
corn growing districts. 

FOLKS WHITE CAP. 


This variety was developed by Mr. William Folks of Hanover, Jackson 
county. It is an exceptionally uniform white cap variety, which gives 
good yields in southern and south central Michigan. It has a vigorous 
stalk and is appreciated for both grain and silage purposes. 


LAWRENCE YELLOW DENT. 


This variety was developed at Decatur, Michigan. It is a yellow dent 
variety, well adapted to southwestern Michigan. The ear ranges from 
eight to nine and one-half inches in length. 


MICHIGAN YELLOW DENT. 


This variety, developed in Jackson county, is grown chiefly in south- 
western Michigan. The ears are from eight to nine inches in length, and 
the kernels are of medium depth and medium indentation, This type is 
dependable in yield and adaptation in southern Michigan counties. 


PRIDE OF MICHIGAN. 


The Pride of Michigan is a yellow dent variety of long standing in 
southern Michigan. The type is thoroughly acclimated in southern 
Michigan, and strains which mature safely are established as far north 
as Saginaw county. The color is light golden. The ears range from eight 
to ten inches in length. 


NORTHWESTERN DENT. 


This is an early variety of corn adapted to northern Michigan corn 
districts—Section 3. The color is reddish with pale caps. The ears are 
small, and the kernels medium depth. 
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OAT VARIETIES. 


The Wolverime oat has proved to be the highest yielder in the College 
oat variety tests. It is a pedigreed variety, developed at the Michigan 
Agricultural Experiment Station, and apparently widely adapted. This 
variety is a white, open panicle, oat, maturing in from 85 to 90 days. 

The Worthy oat is a heavy yielding, stiff strawed, open panicle white 
oat, widely grown throughout lower Michigan during the past ten years, 
requiring 85 to 95 days. It was developed at the Michigan Agricultural 
Experiment Station from a pure strain selection. It is highly esteemed 
on heavy soils. 

The College Wonder ranks second to the Wolverine in yield. It is an 
open panicle, white oat, requiring from 85 to 95 days to mature. 

Special Bulletin No. 101 “Oats in Michigan” gives further information 
regarding varieties and oat growing. 


WHEAT VARIETIES. 


The Red Rock wheat is an excellent quality, high yielding, bearded red 
winter wheat. It is well adapted to the fertile loams and clay loams 
throughout Michigan. In milling quality it is superior to other soft red 
winter wheats, grown in Michigan. 

Egyptian and Nigger are hardy red wheats of known worth. 

The American Bammer is a pure-strain selection of superior yielding 
and milling quality. It is ia white beardless variety. 

Dawson's Golden Chaff is a widely grown white beardless wheat of 
established merit. (Michigan Experiment Station Bulletin—Circular No. 
31 “Red Rock Wheat” and Circular 34 “More Wheat for Michigan”). 


BARLEY VARIETIES. 


The Wisconsin Pedigree is the highest yielding and most dependable 
of the six-row bearded types. It is a pedigreed variety, originally distrib- 
uted by the Wisconsin Experiment Station. 

The Michigan-Two-Row barley is a two-row type, developed at the 
Michigan Experiment Station. It yields highest on the Station plats and 
has given satisfactory results in many Michigan barley sections. 

Michigan Black Barbless, or Smooth Awn barley is a dependable 
yielder, it gives a comparatively better growth. The beards are smooth 
and hence there is no inconvenience in handling this crop. It can be fed 
from the shock, or straw can be used for feed or bedding without causing 
irritation to livestock. 


RYE. 


The Rosen rye is outstandingly the best variety for Michigan. It was 
distributed from this Experiment Station in 1912 and since that time 
has been widely distributed, not only throughout Michigan, but other 
rye growing states. It is essential that pure Rosen be secured, since rye 
crosses freely in the field. Rosen is characterized by an exceedingly well 
filled head and large greenish kernel. 

The Rosen rye is fully dealt with in Special Bulletin No. 105, Michigan 
Experiment Station, “Rosen Rye.” 
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ALFALFA. 


Alfalfa seed grown in Montana, northern Idaho, and North and South 
Dakota, is best suited for growing in Michigan. Occasionally during 
_ favorable seasons a small amount of Michigan grown seed is produced. 
This seed is highly desirable if in good condition. Seed produced from 
strains which are adapted to northwestern winters will produce stands 
which will come through Michigan winters successfully. The Grimm, 
Baltic, and Cossack are the best varieties. These varieties are character- 
ized by their hardihood and their tendency to produce branching crowns 
close to or beneath the surface of the ground. There is a marked tendency 
also for the root system to branch. In the case of the Grimm and Baltic, 
flowers of variegated colors, whitish, blue, purple, and blends of these 
colors develop. Cossack alfalfa develops variegated blossoms of yellowish, 
white, blue, purple, and various blends. The above varieties do not winter 
kill as badly as the straight rooted, high crowned, purple flowered com- 
mon alfalfa. 

Common northern grown alfalfa, produced in the states above men- 
tioned also gives good results in Michigan, They are not quite as hardy 
and enduring as the Grimm, Baltic, or Cossack. It is highly important 
that the source of seed be known in buying alfalfa. 

A full discussion of alfalfa growing is given in the Michigan Experi- 
ment Station Special Bulletin No. 97, “Alfalfa in Michigan.” 


BEAN VARIETIES. 


The Robust bean is a high yielding white pea bean which was developed 
at the Michigan Experiment Station. It is resistant to Mosaic, and is 
not as badly affected by blight and anthracnose as are many other va- 
rieties. It should be planted early in the bean planting season, since it is 
somewhat later in maturing than the common pea beans. 

The Early Wonder is a very early strain of white pea bean, adapted 
to planting under climatic conditions which do not favor the proper 
maturing of the Robust. 

For detailed information regarding bean varieties and bean growing 
secure Extension Bulletin No. 6, and Experiment Station Special Bulletin 
No. 108, Michigan Agricultural College. 


SOYBEANS. 


Professor C. R. Megee of the Farm Crops Department, Michigan Agri- 
cultural College, has listed the following varieties of soybeans as being 
of the most value: 

Manchu—A very high yielding variety for both grain and forage. In 
variety tests conducted at this Experiment Station in 1919 and 1920, the 
Manchu gave the highest yield of hay. Plants are erect and mature in 
approximately 110 days, pubescence tawny, and flowers purple. Seed are 
medium size and straw yellow with slate black seed scar. 

Ito San—Almost as good a yielder as Manchu and the most widely 
grown variety in Michigan. It is considered one of the best early varieties 
in the corn belt. Plants are erect, maturing in 110 days, pubescence 
tawny and flowers purple. Seed are straw yellow with a pale seed scar 
(lighter than seed coat) with a small reddish brown spot (micropyle) near 
one end of the scar. 
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Early Brown—Plant characteristics cannot be distinguished from Ito 
San. Seed of hght brown color and medium size. 

Black Eyebrow—Very similar to the Ito San in plant characteristics 
and time of maturity. Seed are easily distinguished by having an olive 
green underbody with dark saddle. 

Hollybrook—One of the best mediums late maturing varieties, matur- 
ing from 125 to 135 days. Pubescence gray and the flowers white. Seed 
are straw yellow with a light brown seed scar, and are smaller than 
above mentioned varieties and much more flattened. 

Early Black—For northern Michigan the Early Black is better adapted 
than the varieties above listed, being earlier in maturing. This is a black 
seeded variety. Due to its earliness the plant does not grow very tall 
nor rank. 

Soybean culture is dealt with in Special bulletin No. 100, Michigan 
Experiment Station. 


CLOVER. 


Michigan grown red, alsike, and mammoth clover is more dependable 
than imported seed, much of which may have been produced in mild eli- 
mates and is hence susceptible to winter killing. 


SWEET CLOVER. 


Michigan grown white blossomed biennial sweet clover gives best re- 
sults for hay, pasturage, and soil improvement as compared to other 
biennial types. (Circular Bulletin No. 46, Michigan Agricultural Exper- 
iment Station, East Lansing.) ; 

The yellow blossomed sweet clover (biennial) is slowly gaining favor 
for pasturage purposes (Michigan Experiment Station, Circular No. 46 
“Sweet Clover’). 


HUBAM CLOVER. 


Hubam clover—annual-white sweet clover—makes its entire growth 
in a single season. The seed is apparently identical in appearance to the 
biennial sweet clover seed, and it is therefore important that field-inspect- 
ed and certified seed produced in Michigan be grown. 

In 1921 thirty bushels of seed, at that time selling on the market from 
$5.00 to $20.00 per pound, was distributed to Michigan farmers and seed 
growers from the Farm Crops Department increase plats, through the 
Michigan Crop Improvement Association, at $1.00 per pound for increase 
purposes and ten bushels used in experiments to determine the real value 
of this new crop (Circular Bulletin No. 45, Michigan Agricultural. Experi- 
ment Station, East Lansing). 

VETCH. 

Hairy vetch or winter vetch is grown for seed purposes to a greater ex- 
tent in Michigan than any other state. Michigan grown seed should be 
demanded. 

BUCK WHEAT. 


The Japanese is conceded to be the highest yielding type. It is a large 
black seeded variety and makes the largest growth in the field. The Silver 
Hull and Gray are smaller types and do not make quite as large a growth. 
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DEPENDABLE CROP VARIETIES FOR MICHIGAN. 


_*Wolverine. 


*Wisconsin Pedigree. 


Southern Michigan 


*Early Silver King. 
*Golden Glow. 


Oats 
*W orthy. 
Barley 
*Mich-Two-Row. 
Corn 


Central Michigan 


*Early Silver King. 
*Golden Glow. 


*College Wonder. 


*Michigan Black Barbless. 


Northern Michigan 


Northwestern Dent. 
*Early Golden Glow, 


*Duncan. *Pickett. Early Pickett. 
*Folks White Cap. *Folks White Cap. Wisc. No. 25. 
Murdock. 
Pickett. 
Wheat 
Red White 
*Red Rock. *American Banner. 
Shepher’s Perfection. Es Gold Coin. 
Economy. pe Dawson’s Golden Chaff. 
Egyptian. 
Nigger. 
Rye Soybeans 
*Rosen. *Ito San *Black Eyebrow *Manchu 
Buckwheat Millet 
Japanese Silver Hull Golden Hungarian Common 
Beans Sorghum 
*Robust *Early Wonder Early Amber 
Alfalfa 
Northwestern-grown Grimm, Baltic, Cossack, and Common, also Michigan grown 
seed. 
Clover 


*Michigan-grown Red, Mammonth, and Alsike. 


Vetch. 


*Michigan-grown Hairy vetch (winter) 


Sweet Clover (Biennial) 


*Michigan-grown White Blossomed. 


Hubam Clover (Annual White Sweet Clover) 


*Michigan-grown Hubam 


Potatoes 


Late—Petoskey, Rural New Yorker, Sir Walter Raleigh, and Green 


Mountain. 


Early—Early Ohio, Irish Cobbler, Bliss Triumph. 


*Seed inspected and certified by the Michigan Crop Improvement Association. 


**tInspected seed of standard stock produced by the Potato Growers Association—H. C. Moore, 
East Lansing, Secretary. Bulletin No. 5—Horticultural Department gives varietal recommendations, 
and Bulletin No. 7 gives information regarding potato culture. 


FOREWORD. 


A great deal has been accomplished and many changes have taken place 
at the Upper Peninsula Experiment Station at Chatham, since the publica- 
tion of the last special report in 1918, as Special Bulletin No. 90. The present 
report, Special Bulletin No. 110 is an attempt to present to the people of the 
Upper Peninsula the improvements made and also a summary of the work 
conducted and the results obtained by the Experiment Station workers at 
Chatham for the past two years. 

Formerly all of the work at the Station including land clearing, crop and 
livestock production, has been handled by the Superintendent. During 
the past two years, however, the Michigan Experiment Station has been 
in a position to place two additional specialists at the Upper Peninsula Sta- 
tion to be of service to the farmers in that portion of the State. 

D. L. McMillan, Superintendent, has general supervision over all of the 
Station work and specializes in the livestock production, a report of which 
is given under ‘‘Animal Husbandry.’’ J. E. Kotila has charge of work con- 
nected with diseases and insect control on potatoes. The section of this 
bulletin entitled ‘‘Potato Disease Investigations’’ is a report of his work 
at the Station. G. W. Putnam, the plant breeder, has charge of all farm 
crops experimental work and the report of his work is given in the section 
entitled ‘‘Farm Crops’’. Mr. Putnam was largely instrumental in the as- 
sembling and editing of this bulletin. 

All farmers and others interested in the agriculture of the Upper Penin- 
sula should profit by this report and feel that the Station belongs to them 
and that the work conducted there is for their benefit. We ask the cooper- 
ation of all those interested in the development of northern Michigan. : 


E. B. HILL, | 
Assistant to the Director. 


SPECIAL REPORT OF THE UPPER PENINSULA 
AGRICULTURAL EXPERIMENT STATION, 


Special Bulletin No. 110 


RY D. L. MC MILLAN AND G. W. PUTNAM. 


ANIMAL HUSBANDRY. 


The livestock of the Upper Peninsula is a fair index to the advancement 
of agriculture in that territory. The development of the new cut-over land 
will be successful largely in proportion to the extent of development of the 
dairying, sheep raising, or of some other livestock enterprise. The sections 
already developed, with farming practices well established depend upon 
livestock production as an important factor in utilizing crops products and 
in maintaining fertility. 

One of the purposes of this Station is to conduct experiments which will 
aid in guiding the development of livestock farming along the most profit- 
able lines. The Station is fortunate in having substantial livestock buildings 
and foundational herds and flocks to carry out the many experiments needed 
in the development of breeding stock and livestock management for farmers 
of northern Michigan. 


Fig. No. 2. The New Horse Barn. The Station has excellent live stock buildings. 
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Datry Herp. 


The dairy herd, under careful management, has improved consistently. 
it contains a total of twenty-six head of Holsteins, comprising one herd bull, 
ten cows three years old or over, four two-year heifers, three yearling heifers 
and eight young calves. 

The average production of the herd per head for 1919 was 11,851 pounds 
of milk, and for the year 1920 was 12,990 pounds of milk. This average is 
for all animals that have completed one lactation period. The yearly milk 
records of the herd for the last completed lactation period were as follows: 


No. 17—16,895 pounds No. 23—11,252 pounds 
No. 19—14,974 ‘‘ No. 26— 9,530 ‘* 
No. 18—16,3852.  ** No. 30—11,647  ‘‘ 
No. 21—11,899 ‘‘ No. 31— 7,771.5. “ 
No. 22—13,317 ‘‘ Nd. 37—15,671 *' 


This production has been made under conditions similar to those on any 
good dairy farm with no special effort beg made to make high individual 
records. Fora short time after freshening, the highest producers were milked 
three times daily until their udders became in good condition to stand 
milking but twice. 

No. 31 was seriously handicapped on account of trouble with her teeth. 
The highest daily record was made by No. 18 giving ninety pounds of milk, 
which tested 3.2 percent butter fat.4 She also produced in the month of 
March 2215 pounds and in April 2515 pounds of milk. 

In the summer the herd received most of their feed in the pasture. During 
the worst of the fly season, however, considerable grain was fed to hold up 
production, and the cows were kept in the barn during the middle of the day 
in order to escape the flies. 

Most of the products from the dairy are sold as whole milk and sweet 
cream in Marquette and Munising, only enough milk being separated here 
to supply skim milk for the pigs and calves. The surplus breeding animals 
have been sold to farmers in the Upper Peninsula. 


Fig. No. 3. The foundation herd at the Chatham Sub-Station. This pure bred herd is contributing 
to the production records of many farm herds in the northern peninsula by furnishing many well 
bred male and female animals. 
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FEEDING TESTS FOR WINTER OF 1920-21. 


Sunflower Silage vs. Pea and Oat Silage. 


During the winter of 1920-1921 comparative results were observed on 
the use of sunflower silage vs. pea and oat silage. Eleven tons of pea and 
oat silage had been placed in the center of the silo with sunflower silage on 
the bottom and top of the silo. The same grain and hay ration was used 
with both types of silage and the same care given. The change from sun- 
flower silage to pea and oat silage was made January 17th and the change 
back to sunflower silage was made on February 13th. 

Careful milk records of the herd were kept with the following results: 

Average daily total milk production for the last 15 days before changing 
from sunflowers to pea and oat silage was 484.6 pounds. 

Average for the 27 days while being fed on the pea and oat silage was 483.8 
pounds. 

Average daily production for the first 15 days after making the change 

back to sunflower silage was 466.2 pounds. 
_ The cows relished both types of silage about equally well, but owing to 
the bulkiness of the pea and oat silage they did not consume more than thirty- 
five pounds per head per day while they would take forty pounds of the sun- 
flower silage. 

Conclusions to be drawn from this comparative test would be that pound 
for pound the pea and oat silage is a trifle better than the sunflower silage. 
The sunflower silage, however, was about equal in palatability and in ability 
to produce milk when the animal is allowed to consume the quantity desired. 
From a standpoint of economy the sunflower silage has the advantage as it 
can be produced for less than half the cost of the pea and oat silage. 


SHEEP. 


The Station has been fortunate in building up a flock of sheep that is now 
in a position to furnish valuable breeding stock for farmers of the Upper 
Peninsula. In addition the flock is representative of the different breeds 
and grades so that they form the basis for many valuable experiments on 
flock management. 


WINTER FEEDING EXPERIMENTS 1918-19. 


The feeding tests were divided into two series: series A feeding tests with 
70 ewe lambs: series B feeding tests with 150 breeding ewes. 

Series A:—The ewe lambs were separated into two lots, and an experi- 
ment to determine the relative feeding values of barley versus corn in the 
ration was conducted. 

Lot 1 was fed the ration composed of three parts barley, one part oats 
with a few roots, and clover hay. 

Lot 2 was fed a similar ration, only corn was substituted for barley in the 
grain ration. 
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SERIES A. RATION EXPERIMENTS WITH EWE LAMBS. 
For the 75 Day Period, Jan. 8th, 1919 to March 23rd, 1919, Incl. 


Lot I Lot II 
Barley 3 parts, Corn 3 parts, 
Oats 1 part, Oats 1 part, 
Roots, Clover. Roots, Clover. 
Av. ‘bartial Weiehts 25. 72.6 lbs. 71.8 lbs. 
Avy... Binal Weithitcuts 326 Sept. ot 84.3 Ibs. 82.1 lbs. 
Gain pembamb.? Soaps Balke 11.7 lbs. 10.3 Ibs. 
Asn ADailysGatn no % tober cdeeccel bt . 1560 lbs. . 1386 Ibs. 
Av. Daily Feed Per Lamb 
ClOMer cnsitints, vale ee etyee 1.95 lbs. 1.858 lbs. 
eile. (reba eo ra ate .375 lbs. 
Garnsshi Lice <al les seaatdetee .375 Ibs. 
Datst awn sa ateochss Rare es .125 lbs. .125 lbs. 
GOES ct frets nc tNS nae oe 2.000 lbs. 2.000 Ibs. 
Total Feed per Lamb , 
Cloyer wat! fiactden nies eee 146.6 @ 1\%ce lb. 139.35 @ 1\%4¢ lb. 
Banley.e ts: ia ck Rw tek eee 28.125 @ 2c lb. 
(COMIN sss hci ects beat one cokees 28.12 @ 3c lb. 
Qa hat cricontuscash teres reaceaek eae 9.375 @ 8c lb. 9.37 @ 3c lb. 
ROOts 2nh)2 Wks Heh ace nies 150.000 @ Ye lb. | 150.00 @ Yc lb. 
Ay. Cost per Lamb for 75 day 
(07) 81010 Ragu sas ean eer attic Werke Nr sR 3.18 3.37 . 
Av. cost per lamb per day...... .04 .05 


The experimental evidence here submitted would indicate that ewe lambs 
would make just as profitable gains with barley in the ration as they would 
with corn. The average daily gain and the average daily feed consumed are 
more reliable indexes to the relative worth of these two feeds than are the 
cash values assigned. The cash value will fluctuate from time to time as the 
market demand fluctuates for these commodities. Another important angle 
to this experiment is the fact that only a very few, if any, Upper Peninsula 
farmers can produce corn for grain, while abundant crops of barley are grown 
in every section of the territory. 


Series B:—The breeding ewes were separated into five lots and an ex- 
periment conducted to determine the relative values of silage, roots, bran, 
and dried beet pulp in the ration. 


Lot 1 received silage, oats and hay. 

Lot 2, received roots, oats and hay. 

Lot 3, received bran, oats, and hay. 

Lot 4, received dried beet pulp, oats and hay. 

Lot 5, received only hay and was used as a check on cost of wintering. 
Lot 1-4, received 14 pound daily of oats and all the hay they would eat. 
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SERIES B. RATION EXPERIMENT WITH BREEDING EWES. 


For the 75 Day Period, Jan. 8, 1919 to Mar. 23, 1919, Incl. 


Lot I Lot II Lot II Lot IV Lot V 


Silage Roots Bran Dried Check 
Oats Oats Oats Beetpulp 
Hay Hay Hay Oats 


Hay Hay 
(Pounds) | (Pounds) | (Pounds) | (Pounds) | (Pounds) 


ee 


Av. iniwal Weight... .24.<- 114.00 116.0 119.6 125.00 121.2 
Ave final Weights... cl. 2s. = 119.7 125.6 125.4 131.6 122.3 
Av. Total Gain per Ewe...... 5.7 9.6 5.8 6.6 jib 
Peay Gai. ....)).6. ons le oh .095 16 .097 mAb | .018 
Av. Daily Feed 
RPE a eee aise 2 Adie daca) aie tae TA. MG RRS, ade Se |e RI ha ne A | 
RMR asp aes icra aa RR EPa Teh s claire ed Gages 45. hace lee ota es lila eae he Nee 
[AIST SCR A Sa Ne Cee RE 7s oa AO ul tarts ams saxausl livers ater ake ets 
Mneetie Leetonia: oer se crear tenets one's a'e e ee | Sys eres o otelt 55 ae, Se 
OPUS Gavoian oeiaeeeme a meee .25 .25 .25 71a eee he Goes 
1EIGN/ pie Sc ead ce 2.35 2.90 3.7 3.82 4.20 
Total Peed per Ewe. 

ROOM re is tciicueraalce es.» Leads 3 NO Bice a hal Paes sae re Ka et ii sal a TA 
KOU US RES a eto io aie cree al sto slostioss ares Ds Pe i eae eae eae ee Oy ml Lacan ek a 
Loot SDA Set be SORE eR Sen Pee ese LO ea Ss A RR Yan 
rerete ee tama oeeo ers cide cates ots |N coin kes g'e Paes eos eed NGL AAP hy toy cecaer: « 
(OPTI SENS SEN iar ty See heeee eae 16.5 16.5 16.5 GSES |e teaaes 
do hy ee ae piace ore en 155.6 190.3 244.2 252.00 of i seh 

Feed ae per Ewe for the 74 
Gawsncend serra denn alee. 2.64 3.16 | 3.61 3278 2.4 
Av. cost per ewe per day..... .03% 04 05 05 04144 


The experimental evidence here submitted would indicate that 114 to 134 
pounds of silage or roots can well be added to the winter ration of the breed- 
ing ewe. 

Of these one hundred fifty ewes, nineteen failed to breed. The remaining 
one-hundred thirty-one ewes gave birth to one hundred-fifty-two lambs. 
Of these, fourteen died during lambing time, and three during the summer. 

In the fall of 1919, seventy-three lambs, consisting of wether lambs, cull 
ewe lambs and cull ram lambs, also forty-three ewes, were sold. 

One very noticeable feature regarding the lambs, was the marked con- 
trast between the wether and ram lambs, that had exactly the same chance 
for development. The wether lambs were fat and considerably heavier 
than the ram lambs at shipping time, and were worth about two cents a 
pound more on the market. This needs emphasizing as many farmers do 
not castrate the ram lambs. This means not only loss in weight, but a re- 
duction in price per pound where lambs are past four months of age. 

The flock sheared an average of seven and one-fifth pounds of wool. Di- 
rectly after shearing the sheep were dipped, then turned to pasture. The 
lambs were docked and castrated when about two weeks old. 


FLOCK MANAGEMENT FALL 1919 TO FALL 1920. 


In the fall of 1919, two excellent rams, a Shropshire and a Hampshire, 
were purchased, and a good Rambouillet ram from the College at East Lan- 
sing was sent to this Station. 
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One hundred sixty-five ewes, four rams, six wether lambs and 15 ram lambs 
were put into winter quarters November 28, 1919. For the first month the 
ewes were given nothing but clover hay and they consumed about three and 
one-half pounds daily. Owing to the high price of hay the ration was changed 
to two and one-half pounds of hay and one-half pound of oats, this proved 
cheaper and the ewes did much better on this than on the straight hay. They 
carried through in excellent condition on this ration until about a month be- 
fore lambing when the ration was changed to one-half pound of grain consisting 
of one part bran to two parts oats. They were also given about two pounds 
of rutabagas. 

The lambs were fed what clover hay they wanted which was a little better 
than two pounds and for grain ration they received one-half pound of a mix- 
ture consisting of two parts cracked corn, one part bran, and one part oats, 
and one-fourth part oil meal. ‘The ewes were in excellent condition at lamb- 
ing time and 158 ewes gave birth to 197 lambs averaging about eight pounds 
each. Twelve of these died shortly after lambing. ‘The flock sheared an 
average of 7.3 pounds of wool. 


Fig. No. 4. Part of Station flock, 1920-lambs four months of age. 


In November 1920 the wether lambs, cull rams and cull ewes were shipped 
to Chicago. A large percentage of the lambs again topped the market, 
weighing 7814 pounds. One pure bred ewe lamb was given as a prize for 
sheep judging at the Farmer’s Round-Up and the best ram lambs sold to 
farmers as breeders. 


FLOCK MANAGEMENT WINTER 1920-1921. 


Two hundred sixty-six sheep consisting of 35 pure bred Hampshire ewes, 
16 pure bred Rambouillet ewes, six pure bred Shropshire ewes, 124 cross bred 
ewes, two pure bred Hampshire rams, two pure bred Rambouillet rams, one 
pure bred Shropshire ram, five pure bred ram lambs, 75 ewe lambs and three 
wether lambs. The ewes were fed a ration of two pounds mixed hay, two 
pounds sunflower silage, and one-half pound oats. The lambs were given 
two pounds mixed hay, one pound sunflower silage, and one-half pound 
grain consisting of two parts cracked corn, one part bran, one part oats, and 
one-fourth part oil meal. They relished the sunflower silage and did well 
on it. 
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PouULTRY. 


Two breeds of poultry have been kept, the Barred Rocks and White Leg- 
horns. No special experimental work has been done with them. In the 
spring of each year all eggs suitable for hatching have been sent out to farmers. 
In the fall and winter the best cockerels have been sold to poultry raisers 
of the Upper Peninsula for breeding purposes. 

It is planned to expand the poultry work somewhat here at this Station 
in order to have more eggs and cockerels from high producing birds to sell 
to farmers. Farm poultry flocks are very profitable and more work should 
be done to encourage the keeping of high, winter laying strains. 


Horses. 


In 1919, two draft teams and one general purpose horse were kept for farm 
work. In 1920 another team was purchased. These horses with a little 
extra hired horse labor during the rush of the spring’s work have done the 
work at the Station. After completing the farm work in the fall of 1920 two 
of the teams were sold to lumbermen in order to reduce winter feeding ex- 
penses. They will be replaced the following spring. 


Hoes. 


The Station is keeping but one breed of hogs, Duroc Jerseys. They are 
one of the breeds best adapted to northern Michigan conditions. The herd 
consists of one aged boar, three yearling brood sows, and some shoats that 
are being fattened. 

Several young boars and sows have been sold to farmers for breeding pur- 
poses. This stock is alb especially well bred and it is hoped that the farmers 
will take advantage of the opportunity of getting a high class of breeding 
stock, rather than keeping the cull stock that so many of them are now using. 


FARM CROPS. 


The field crops of the Upper Peninsula are very diversified. This is the 
usual condition found in any comparatively new territory when its farming 
citizenship has developed from many widely varying parts of the country, 
and from people previously engaged in many commercial pursuits widely 
separated from actual farming conditions. 

It is the function of the Farm Crops Section to perform basic crops ex- 
perimental work and to serve as a clearing house for field crop information. 
Many practices in operation on the various farms of the Peninsula are emi- 
nently successful, while others pay little returns or are unprofitable. The 
Station is conducting many-experiments in an attempt to establish the better 
crops varieties and cultural practices for the various sections of the territory. 
In addition, it is rendering a service in actual aoe distribution of adapted 
varieties from its own fields. we 


GRAIN EXPERIMENTS. 


Experimental grain work has been conducted along two main lines during 
the past two seasons. First, the testing of commercial and pedigreed va- 
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Fig. No. 6. Two important succulent winter feeds for the Upper Peninsula. Sunflowers have become 
an important silage crop in sections where corn is not adapted. Rutabagas are an essential re- 
quirement for successful winter feeding of dairy stock and sheep in the Upper Peninsula. 


rieties of our common grains. Second, the development of pedigreed va- 
rieties for Northern Michigan. In old settled sections there are certain va- 
rieties which have come to be recognized as standard because farmers have 
grown them under varied conditions, and find that one year with another, 
they stand out as being superior to the average. In a comparatively new 
farming country, such as the Upper Peninsula, it would take years of devel- 
opment before any particular varieties would come to be universally recog- 
nized as the best. So it is our first problem to systematically test out and 
determine what particular commercia! varieties, already in the hands of the 
farmers or seedsmen, or pedigreed variety already developed by an experi- 
ment station, most nearly meets the demands of the Upper Peninsula. 


Fig. No. 7. In commercial variety testing each variety is drilled in beds six drill rows wide with an 
18 inch alley between plats. Each fourth plat is a check to determine variation in soil fertility. 
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COMMERCIAL VARIETY TESTING. 


In starting this work in 1919, the best varieties of oats, spring wheat, and 
field peas developed at the Experiment Stations of Michigan, Wisconsin, 
Minnesota and Canada, were obtained. A call was made to the Upper 
Peninsula farmers for their best varieties of these grains, but owing to the 
newness of the work, not many farmers’ varieties were obtained in time to 
plant; a few, however, were entered largely through the efforts of the various 
Upper Peninsula County Agents. At the Farmers’ Picnic, held at the Sta- 
tion in August, many farmers promised to send in samples, only a few of 
which have been received. 


OATS. 


The following points were observed on 27 oat plats, representing 18 differ- 
ent varieties:—Date of planting, date ripe, pounds per plat procured, yield ° 
in bushels per acre, and test weight per bushel. 

The highest producing varieties grown in 1919 were the two early oats, 
Iowa 103 and the 60-Day. The highest producing medium late oats were 
Minota 512 from Minnesota and Wolverine from the main station at the 
Michigan Agricultural College. The early oats were ripe by August Ist, 
whereas the later maturing oats were not ripe until the middle of August. 
Since we received a very short rainfall for the month of July (.93 of an inch), 
it made the season more favorable for earlier oats than for late, because the 
earlier oats were ripening during this period and the later oats were setting 
and filling, and dry weather is more favorable to ripening than to develop- 
ment. 

The high producing varieties grown in 1920, however, were the Wolverine, 
Worthy and College Success from M. A. C. The early varieties that were 
outstanding in 1919 did not yield within 25 percent ot the late oats in 1920, 
because of the more favorable weather for late oats. The rainfall for July 
was more nearly the rainfall of an average season (1.62 inches). 


Fig. No. 8. On August 15th, 1919, Upper Peninsula County Agricultural Agents and their associated 
Extension workers, gathered at the Station to study the experimental work that was being 
. carried on during the past season. ‘This is an annual event. 
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SPRING WHEAT. 


Data was taken in 1919 on fifteen plats of spring wheat representing ten 
different strains or varieties. Because of the exceptionally unfavorable 
season none of the varieties developed into wheat that would make good 
flour. Fifty-one pounds being the highest test weight per bushel obtained, 
although in bushels per acre some of the strains did very well, producing as 
high as twenty-two bushels. Because of the dry weather during July and 
a severe attack of rust, the wheat was of a very low quality. This condition 
of badly shriveled kernels in 1919, was true in general over that section of 
the Upper Peninsula in which the Experiment Station lies. A notable in- 
stance, however, is the fact that strains of Marquis gave better results than 
any other variety. 

The work on spring wheat in 1920 was confined to the Marquis variety, 
because of its outstanding superiority over other hard spring wheat varieties. 
The influence of time of planting, was the subject for investigation in 1920. 
The experiment covered a range of planting dates from April 20th to June 
7th by seven day periods. The black stem rust appeared in July and at 
harvest time all plants were so badly infested that none of them were har- 
vested; however, the plats seeded prior to May 5th all gave a decidedly 
more uniform stand and more vigorous plant growth. 


SPRING BARLEY. 


Barley testing has been confined to the three varieties, Michigan Black 
Barbless, Michigan 2-Row and Oderbrucker. The black barley in 1919 and 
the Michigan 2-Row in 1920 gave the highest yield. There are several 
factors entering into barley production in northern Michigan that will re- 
quire investigation for the best production of the crop. 


DEVELOPMENT OF PEDIGREED VARIETIES. 


The second line of work with the small grains is the starting of the individ- 
ual plant selections from which pedigreed varieties will be developed for the 
Upper Peninsula. 

Sixty-five of these selection plats, representing as many different strains 
of the various small grains, were planted in 1919 in such a way that the plant 
resulting from an individual kernel could be selected. The grain coming 
from these individual plant selections were put into plant row series in 1920 
and from the best of these rows, selections were made for planting in increase 
plats for 1921. 

This type of crop improvement work takes time, but it is by this method 
that we will ultimately develop pedigreed varieties best suited to the needs 
of the Upper Peninsula. The better pedigreed strains developed will be 
tested out against the commercial varieties found best suited for Upper 
Peninsula conditions and the superior ones distributed to improved grain 
growers. 
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Fig. No. 9. Rod rows of pedigreed oats developed st the Station. Twenty-nine strains were tested 
n : 


WINTER WHEAT. 


In making a study of the winter wheat crop in the Upper Peninsula it is 
impressive to note that two conditions are found, namely, in certain instances, 
soft red winter wheat is being produced of as good a quality and yield as 
is to be found anywhere in the State, in fact, the second prize winning sam- 
ple in the Soft Red Winter Wheat Class at the Chicago International Grain 
and Hay Show, 1919, was won by Red Rock wheat, grown in the Upper 
Peninsula. This, in itself, speaks for the quality of wheat that can be pro- 
duced. On the other hand, many fields visited were poor stands owing to 
the way in which they had been planted and handled, though of good qual- 
ity they would not pay for harvesting, because of the poor stand. 

On close examination, it is found that those farmers who are meeting with 
success in the growing of soft red winter wheat are those who make a special 
effort to have their wheat ground well prepared, usually sowing it on ground 
that has been summer fallowed and getting it planted fairly early, preferably 
the last two weeks in August. The ones who have met with the most fail- 
ures are those who have removed some other crop and then hurriedly pre- 
pared the seed bed and sown their wheat rather late in the fall. 

To try and check-up on just what influence preparation of seed bed and 
time of planting have to do with the success or failure of growing soft red 
winter wheat in the Upper Peninsula, a plat of land was laid off and summer 
fallowed in the summer of 1919. Incidentally this piece of ground was knee 
high with quack grass when first plowed under in June, and we will have the 
opportunity of seeing what effect summer fallow has in the ultimate control 
of quack grass. Twelve different plats about one week apart in time of 
seeding were sown on this fallow land. ‘The first plat was sown on August 
, 3th and the last one on November 2nd, representing the earliest and latest 
..ates of practice planting. August 13th to 29th gave the better yield and 
quality of grain. A portion of this same plat of land was utilized for the 
time of planting test for spring wheat. This will give some data on whether 
winter or spring wheat is best to grow under Upper Peninsula conditions. 


336 STATE BOARD OF AGRICULTURE. 


The 1920 spring wheat was completely destroyed by wheat rust so no direct 
comparison could be made. 


Fig. No. 10. Red Rock wheat on summer fallow ground planted August 29th, 1919. Winter wheat 
seeded between August 13th, to 29th gave the better yield and quality of grain. 


RYE. 


A test was put in to establish which was the better yielder Rosen, common 
winter, or common spring rye. The Rosen has proven to be superior in 
yield and quality. The work in the future will be confined to maintaining 
the purity and aiding in the distribution of this variety. 

A plat was sown in an isolated section of the Station to the choicest head 
selected Rosen rye which could be secured. ‘This plat was harvested to 
furnish seed for further increase of an ample supply of pure Rosen for dis- 
tribution in the Upper Peninsula. 


WINTER BARLEY. 


A test plat was sown in 1919 to Michigan Winter Barley, about 90% of 
the plat winter killed. The variety is not adapted to the Upper Peninsula. 


Fig. No. 11. A general view of the experimentalplats in 1919. 
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FIELD RESULTS WITH IMPROVED GRAIN VARIETIES, 


It has been the practice for the past few years for the Station to increase 
and distribute improved grain varieties. In the future this will form a part 
of the carefully worked out plan of the Farm Crops Section to distribute 
through the Upper Peninsula Michigan Crop Improvement Association 
members, in order to enable rapid increase of superior sorts for general 
farm distribution over the section. 


BARLEY. 


Eleven acres of Wisconsin Pedigreed Barley planted in the spring of 1919, 
produced only 16.2 bushels per acre. The dry weather of July was the di- 
verting factor in production. This is just about one-third of a normal year’s 
crop. 


OATS. 


Four and seven-tenths acres of newly broken land planted to Worthy 
Oats in the spring of 1918 produced 64 bushels per acre. A seeding of alsike 
clover with the oats produced a good stand. 


ROSEN RYE, . 


Two acres of Rosen Rye planted at the rate of 114 bushels per acre in the 
fall of 1918 produced 2014 bushels per acre. (Several stumps in the fie'd 
were not allowed for in figuring up production.) The acre production wes 
slightly higher than here indicated. 


Forace Crop EXPERIMENTS. 


In outlining the initial projects, the chief problems considered were the 
finding of a high yielding and dependable silage crop and a successful annual 
hay crop. Peas and oats in the past have proven their dependability as a 
silage crop. Corn is a success where it can be grown. During the season 
of 1919 sunflowers were tested as a possible silage crop for northern Mich- 


Website? 


Fig. No. 12. Sunflowers. A new crop for northern_Michigan. 
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igan. This crop is more resistent to frost than corn and often yields heavily 
under adverse weather and soil conditions. An estimated yield of 25 tons 
per acre of green forage was produced in 1919 on a one acre plot. This crop 
gives promise of being valuable as a silage crop when its culture and feeding 
value are more fully understood. 


SUNFLOWERS. 


In 1919 one acre was seeded on June 2nd by use of an ordinary grain drill, 
with three out of every four holes plugged, so that the rows were 24 inches 
apart, seeding 10 pounds of Mammoth Russian seed to the acre. The time 
of seeding, distance apart of rows and rate of seeding were arbitrarily se- 
lected, no data being available for our conditions. 

In 1920, through inquiries from farmers throughout the State, we felt the 
need of more definite information about sunflowers and the following ex- 
perimental work was conducted. 


TIME OF SEEDING. 


Plats were seeded with a grain drill, the holes being plugged to give the 
proper spacing of rows. Because of the varied condition of the field at this 
particular part; a check was seeded every plot, the plots being one-seventeenth 
of an acre In size. 


DATA. ~* 
Distance | Lbs. of 
Water Planted abe of between Date green es 
Beh ae 5 pS rows, harvested | forage pee 
rae inches. per plot. 
Check, May, 26th. 4% 2 = ..4- 6 30 Sept. 20 1,720 14.6 
TUM Mae A eieus crevierbeisio sets 6 30 Sept. 20 1,340 13 
Check May 26thes = see ieee 6 30 Sept. 20 2,000 1 Wee 
WUnESOTM es a ctteers eo aoe 6 30 Sept. 20 1,290 10.9 
CheckMay 26th sce 6 30 Sept. 20 2,400 20.4 


The earlier seeding gave the better yield, it also gave the better quality of 
silage material. 
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DISTANCE APART OF ROWS AND RATE OF PLANTING. 


DATA. 
Distance - Lbs. of 
Lbs. of Tons 
_ | between Date ereen 
Date planted. peer a rows harvested forage oe 
pea a inches. per plot. Rok 
SS heele: Miay, Die) oh oot ae: lated 6 30 Sept. 20 2,100 17.8 
IVES Ve 2 reeecub entra siaeyoiore 30 6 Sept. 20 1,745 14.8 
Misi yo 2 Fey tence atrcrnie ee 15 12 Sept. 20 1,600 13.6 
Mave 2iieeen ios eye 10 18 Sept. 20 1,500 PET 
CheglodViay. 2h 225 Sata tora hs 6 30 Sept. 20 1,860 15.8 
IND AEDT Aca Sener scien, os 7% 24 Sept. 20 1,635 13.8 
IM tye Oicas ay eee kes 7 36 Sept. 20 1,620 BR S7 
IVE ayes Grats A, alae von cas res 6 42 Sept. 20 1,840 15.6 
LU Ba iia RR le ct eo 8 30 Sept. 20 2,165 18.4 
(OLit 604 52 (Ra a ae 6 30 Sept. 20 1,850 15.7 


The rows at distances of 24 to 36 inches gave the best quality of silage. 
The rows under 24 inches gave small stalks which tended to lose their leaves 
at a premature stage while the 42-inch rows tended to produce heavy stalks 
that would reduce the quality of the silage. The 30 to 42-inch rows gave the 
heaviest yields and also required less seed per acre for a stand than did the 
closer plantings. 

The results obtained from these experiments would indicate that rows from 
30 to 36 inches apart seeded at from 6 to 8 pounds per acre will give the most 
satisfactory results for northern Michigan. 


CULTIVATION. 


In 1919 when the plants were about six inches high, they were thinned to 
a plant every 6 to 10 inches, otherwise receiving about the same culture as 
you would give corn. In 1920 none of the plats were thinned with a hoe, 
the idea being to determine a rate of seeding that would do away with any 
expensive hand labor, all plats were cultivated as for corn. A more perfect 
stand can be obtained by seeding a little heavy and then thinning,—however, 
this is not a necessary practice. 


HARVESTING. 


Ordinary corn harvesting machinery is quite satisfactory for the harvest- 
ing of sunflowers. This crop is fast gaining in importance north of where 
corn is commonly grown and therefore no corn harvesting machinery is 
available. At the Chatham Sub-Station this year a two-row sled was de- 
vised on 2x4 runners with the front 24 inches wide and widening to 42 inches 
in the rear. Knives were made from an old crosscut saw and attached to 
the edges. Two men stood on the sled and gathered the cut stalks in bundles. 
These were laid at the side of the row where they were collected by wagons 
and hauled to the cutter about one-half day after cutting. This is an eco- 
nomical way of harvesting where the acreage grown will not warrant the 
expense of a corn harvester. 
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ANNUAL HAY‘CROPS. 


The Station has been asked to recommend successful crops for a short 
season hay crop. A comparative test of crops thought to be suitable, was 
conducted in 1920 with the following results :— 


Green forage Green forage Tons in 
Crop. pounds per plot tons per A. air dry wt. per 
acre. 
Ostsand! Vetch s.,.c+ 6. se. 670 12 Bjodl 
Peas and (Oateeers: 2b. ae 547 10 3.9 
Reads, Alone? the tees. bo Marie 480 8.6 1.8 
OatsrAlonen eects tine opis 460 8.6 2. 
Sudan Grasstees. aerials bo hee ete 370 6.9 1.8 
Common Mallets £2> \. basco 300 5.4 3 
Hungarian Millet............ 280 4.9 1.3 
boy (Beans ?. Yack o/b ote 220 3.9 8 


The type of soil and the character of the growing season will be important 
factors in determining the kind of short season hay crops to use. Dependa- 
ble results can be expected when the proper combination of these factors 
~ are used. 


ROOT CROPS. 


The work with root crops has been confined to a yield and cost of produc- 
tion with rutabagas in 1919 and a small variety test of roots imported from 
England in 1920. 

Twenty tons per acre were produced in 1919. With the labor conditions 
as they were that year it cost $3.68 per ton to produce and store in root house 
ready for winter feeding. 

The American purple top rutabaga is the standard variety and the one 
best adapted to the environment of the Upper Peninsula. 


CORN. 


The Station has been cooperating with the U. 8. Department of Agricul- 
ture in testing out four varieties of corn for ensilage. None of the varieties 
tested have as yet proven to be adapted to the environment of the Chatham 
Station. 


SOYBEANS. 


The following varieties of soybeans were tested in 1920: Early Brown, 
Black Eyebrow, Ito San, and Wisconsin Black. The Early Brown and Wis- 
consin Black set a few pods, but no ripened seeds were found. The Black 
Eyebrow and Ito San are later varieties and formed no pods. 


FIELD PEAS, 


The field pea is quite extensively grown in the Upper Peninsula. A wide 
variation as to type and variety is found on the various farms. In an effort 
to determine what particular type is best suited to the section, several va- 
rieties are being tested. 
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The experimental evidence of two years would seem to favor the colored 
sorts, such as English Grey or Belgian, both as to seed produced per acre 
and tonnage of forage, though no outstanding variety has as yet been found. 

A rate of seeding test in 1920 favors about two bushels per acre for the 
medium to small size peas and a somewhat heavier rate for the large size peas. 


Fig. No. 14. Yields of thirty bushels of shelled peas per acre are not uncommon. This is a source of 
cheap protein feed for the livestock men of northern Michigan. 


Fietp Resuutrs Wirth SILAGE Crops. 


The Station each year grows silage for the winter feeding of the dairy cows 
and sheep. This permits the careful checking up under field conditions of 
those crops tested in an experimental way. 


Fig. No. 15. Peas and Oats are a dependable silage crop for northern Michigan. 


PEAS AND OATS. 


Six acres of sod land was plowed late in the spring of 1919 and planted to 
peas and oats on May 28th, at the rate of one and one-halt bushels of oats 
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and one bushel of peas to the acre. This was very rich land, but owing to 
late plowing and the long drought, the crop did not make a very good growth. 

Twelve acres of peas and oats were planted in the spring of 1920. One 
and one-half acres yielded 814 tons green forage per acre and was put in the 
silo. The balance of the field was cut for hay and fed out to sheep. 


SUNFLOWERS. 


One acre of sunflowers was put in the silo about Sept. 15, 1919. No dif- 
ficulty was experienced in running the sunflowers through the silo filler. 
The silo was opened about November 15th, and while about five inches of 
the top was spoiled, the balance kept in an excellent condition. The cows 
did not take readily to it on the start, but no more difficulty was experienced 
than in breaking cattle into other silage. The silage was increased slowly, 
until the milking cows were getting thirty pounds per day. They gave 
every indication of wanting more, but owing to the very limited amount of 
silage, it was not advisable to increase the amount. The cows gave an ex- 
cellent flow of milk while the sunflowers were being fed, but no direct com- 
parison could be made, owing to having but the one silo. 

In 1920, seven and one-half acres of sunflowers were sown on May 29th, 
using nine and one-fourth pounds of seed per acre. The plants were a little 
too thick. When they were about six inches high they were thinned to six 
to eight inches apart. They were cut and put into the silo when about one- 
third of the plants were in blossom and yielded 24.6 tons per acre. <A frost 
severe enough to kill potato vines did not hurt the sunflowers. 

On December 15th, the sunflower silage was finished, and an equal amount 
of pea and oat silage was given. The cows seemed to object somewhat to 
the change for the first few feeds, but soon were eating the pea and oat silage 
apparently as well as they had the sunflower silage. 

On careful examination of the daily milk records, before and after the 
changes of feeding the different silages, no appreciable difference could be 
found. This short test would indicate that the sunflower silage is as good 
as pea and oat silage for dairy cows. 

For the reasons that farmers of the Upper Peninsula need additional cul- 
tivated crops to keep down weeds; that sunflowers produce a greater tonnage 
than any other silage that can be grown, that it matures quicker than corn; 
that they can stand considerable frost without serious damage; and, that a 
succulent feed for winter use is the feed most needed by livestock men, it 
would seem advisable for farmers to look carefully into the merits of this new 
crop and give it a trial, under their conditions. 


Porato EXxPERIMENTS.* 


Experimental potato work has been in progress at the Chatham Station 
for the past several years. The investigations have included experiments 
on method of planting, time of planting, cultural methods, seed treatment, 
seed selection and other economic factors of potato production. The work 
herein reported has to do with the work of the past two seasons. It is the 
intention of the Station to include the evidence of the potato experiments 
conducted, in a general field crops bulletin to be issued in the near future. 


*Mr. J. Wade Weston, Extension Specialist and Mr. J. E. Kotila potato disease specialist cooperating. 
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CULTURAL TESTS. 


Methods of cultivating the potato crop are effected by the type of soil, 
drainage, presence or absence of noxious weeds and way of planting. The 
comparisons made were based on the methods in use on farms in this terri- 
tory. The experiments were conducted on a calcareous sandy loam soil 
with more than the usual amount of rock present. 

Seed Treatment:—Seed potatoes have been handled in four ways to de- 
termine the effect on the ensuing crop. (1) Treating with corrosive subli- 
mate; (2) with formaldehyde; (3) leaving the potatoes in the ground 
over winter and digging them in the spring and then green-sprouting them 
for seed, using no treatment; (4) planting the ordinary cellar storage po- 
tatoes. 

With the above methods the most favorable results have been obtained 
with corrosive sublimate, old style treatment. By this treatment the po- 
tato seed piece is freed from the scab and Rhizoctonia (Black Scurf) organ- 


Fig. No. 16. Digging potatoes at the Chatham Station in 1920. 


isms, thus getting a better start for the young plants. Corrosive sublimate 
plats out-yielded and gave a better quality of potatoes than the other plats, 
though Scab and Black Scurf of the potato was prevalent on all plats at 
digging time. The soils of the Chatham Station are high in lime content 
and appear to be natural harbors for scab and Rhizoctonia organisms, even 
on new soils recently brought under cultivation. - 

Time of Planting—Two varieties, Green Mountain and Rurals were used 
in this experiment. The earliest planting was made on May 19th and a 
plat planted every week until June 30th, making seven different dates of 
planting. 

Time of planting potatoes in the Upper Peninsula is influenced by the 
growing season. Late potatoes planted early in the spring just so as to 
escape the late spring frosts will have a sufficiently long growing season to 
develop and mature a crop before the early fall frosts. The character of the 
average growing season is such that it allows for the continuous development 
of the potato plant. The plantings made the last two weeks in May gave 
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a maximum crop for both varieties. Plantings up till the 10th of June gave 
a fair crop and were sufficiently mature to store over winter. Plantings 
made the last two weeks of June gave small yields and immature potatoes. 
Fall plowing is a very desirable practice in potato culture in the north, as it 
allows for proper fitting of the seed bed for early spring planting. 

Green-Sprouting vs. Unsprouted:—The experimental evidence indicates 
that green-sprouting is a very desirable practice when for any reason it is 
found impossible to plant as early as desired. Green-sprouted potatoes 
will, when planted on the same date as unsprouted, give a crop that will ma- 
ture from a week to ten days earlier than unsprouted stock. Spreading the 
potatoes out in diffused sunlight to sprout also allows the grower to discard 
any tubers which tend to produce weak sprouts, thus allowing for the se- 
lection of only good viable seed stock. It also aids in discovering varietal 
mixtures. 

Cultivating:—The experimental evidence of two years work indicates: 
The usual method of cultivating deep when plants are small and gradually 
working to shallow as season advances, is the better one. The harrowing 
of potatoes before plants are up aids in control of weeds, but does not in- 
crease the yield. The flat culture on well drained potato soils increases the 
yield over hilling providing the seasonal rainfall is not above normal. 

Fertilizer Tests:—In 1919 Acid Phosphate was applied broadcast and 
harrowed in at the rate of 250 and 500 pounds per acre. An apparent gain 
was noticeable for the first 250 pounds. The fertilizer tests in 1920 were 
conducted in cooperation with the National Soils Committee. A 3-10-4 fer- 
filizer was used at varying rates from 500 to 1,500 pounds per acre, applied 
in the row with a fertilizer attachment to the planter. The fertilizer plats 
all gave an increase in yield over unfertilized plats, though no benefit was 
apparent by increasing the rate of application above 500 pounds per acre. 


Fig. No. 17. Idaho Rurals (the center three rows) in 1919 were the first to succumb to leaf hopper 
atiacr Russet Burbanks on the left and Rural New Yorkers on the right remained green through- 
out the season. 


VARIETY TESTING. 


Several varieties were tested as to their adaptability to produce under the 
environment of this section. Two important factors influenced potato 
production in 1919: dry weather and an unprecedented attack of leaf hop- 


= 
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per. The leaf hopper seemed to show a preference for certain varieties. 
The Idaho Rural was one of the first to become seriously infested. This 
variety was damaged early in the season and ripened prematurely. The 
season of 1920 was more favorable for potato production, it being a more 
nearly average season as to rainfall and invasion of insects. The experi- 
mental evidence of two years would indicate that of the varieties tested, the 
Early Ohio and Irish Cobblers have the lead in the early class and the Green 
Mountain and Rurals in the late class where yield and quality are considered. 


SELECTION WORK WITH POTATOES. 


The potato selection work began in 1919 with tuber unit selection. About 
three hundred tubers were selected from seven different varieties, which are 
fairly well adapted to the Upper Peninsula. Those were planted four hills 
to the tuber and the product of each tuber kept separate at harvest time. 
A range in yield was obtained from .75 of a pound in the lowest producing 
tuber to 9 pounds in the highest. The better tuber progenies from these 
various varieties were planted in progeny rows in 1920. These progeny 
rows were carefully studied as to their suitability for increasing. Mr. Weston 
eliminated any that did not give promise of being characteristic of the va- 
riety and Mr. Kotila eliminated any that gave an indication of possessing 
undesirable disease characteristics. From those progeny rows, that proved 
to be ‘ ‘breeding true to variety’’ and that appeared to be free from such dis- 
eases as Mosaic, Curly Dwarf, Blackleg, etc., the best one or two progeny 
from the standpoint of yielding power were selected to be increased in 1921 
on new ground isolated from other potato plants. These best progeny in- 
creases will be subject to a very careful disease study in order that any dis- 
ease infected plants may be rogued out and thus allow the harvesting in the 
fall of high yielding disease free strains. The intention is to isolate a super- 
ior yielding, disease-free stock of seed and have it increased under controlled 
conditions. Such controlled conditions could probably best be realized on 
an island similar to the Rosen Rye project on the South Manitou Island, 
(article to be found in November 1920 issue of Experiment Station Quarterly). 


POTATO DISEASE INVESTIGATIONS. 


Potato disease investigations were first undertaken at the Upper Penin- 
sula Station in the summer of 1919 in co-operation with and under the super- 
vision of specialists at the Michigan Agricultural College in the Botany Sec- 
tion of the Experiment Station. The aim of the work has been to study 
those potato diseases which are most serious in the Upper Peninsula fields, 
to determine their causes, and to recommend control measures. 

: The three main lines of investigation which have been conducted are as 
ollows: 


1. Potato Seed Treatment. 
2. Investigation of Potato Blackleg. 
3. Investigation of Hopperburn. 
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Fig. No. 18. 1919 Seed treatment and disease plats. These plats are planted in half-peck lots which 
allows for repetition and takes care of differences in results due to soil variation. 


SEED TREATMENT.* 


The seed treatment experiments carried on during the 1919 and 1920 
seasons have been duplicates of those conducted at the College during the 
same seasons, the seed stock and treatments being identical at both places. 
In 1919 the treatments were made at East Lansing and half of the seed sent 
to Chatham for planting. In 1920 the procedure was reversed and all treat- 
ments were made at the Upper Peninsula Station and half of the seed sent 
to the College for planting. Corrosive sublimate, mercuric cyanide, and 
State Hap were used as disinfectants and various lengths of treatment 
were tried. 


RHIZOCTONIA. 


Although the experiments at_Chatham and East Lansing were identical, 
the data obtained at the former place during the two seasons have not been 
comparable in all respects to those obtained at the latter. In all cases much 
b-tter control of Rhizoctonia (Black Scurf) and Scab was obtained at the 
College than at the Upper Peninsula Station. Excellent control for Rhi- 
zoctonia and Scab was obtained at East Lansing by corrosive sublimate 
treatment for 30 minutes. Thirty-minute treatment with formaldehyde 
also controlled Scab but was not effective for Rhizoctonia. While good con- 
trol for Rhizoctonia was obtained at the Upper Peninsula Station by use of 
corrosive sublimate with both the 30-minute and hour-and-a-half treatments, 
the control was not as complete as at the College. The longer treatment 
(one and one-half hours) gave better results at Chatham in 1920 than the 
shorter (30 minutes) treatment, whereas in 1919 the 30-minute treatment 
was just as effective. At the College during both years the short treatment 
was found to be as effective as the long time treatment. 

The corrosive sublimate treatment of potatoes to control Rhizoctonia 
and Blackleg is recommended as follows: 

Select only sound, desirable tubers for treatment. Scabby, bruised, or 
partially rotted tubers are unsafe. 


*For description of the potato diseases discussed below see Special Bulletin No. 85, ‘‘Michigan 
Potato Diseases.’’ 
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TREAT SEED IN THE FOLLOWING MANNER. 


Soak the seed tubers in corrosive sublimate solution for one-half hour. 
The solution is made with four ounces of corrosive sublimate in 30 gallons 
of water. This treatment controls Scab and Black Scurf. Reinfection from 
untreated sacks must be avoided. Disinfect these containers in the treat- 
ing solution. 


POINTS ON THE TREATMENT. 


Corrosive sublimate crystals or the diluted solution are deadly poisonous. 
Use precaution and keep this material out of the way of live stock or children. 

The crystals dissolve slowly in cold water, but rapidly;in hot water. 

Treated tubers are not safe to feed to stock. : 

Corrosive sublimate, as the name indicates, attacks metals. It must be 
used in wooden vessels. 

Potatoes should be uncut when soaked. 

Treatment with small lots can be readily given by use of a barrel, soaking 
one sack at a time. 

Larger quantities can most readily be handled in a large vat made of heavy 
stuff, holding 8 to 12 crates at a time. It is well to make this vat water- 
tight by the use of heavy duck lining, painted with some water-proof paint, 
such as asphaltum. 

The solution can be used four times. It loses strength, due to the potatoes 
taking out more of the chemical than they do of the water. After the fourth 
batch is treated, make up fresh. 

The addition of one ounce of corrosive sublimate to 30 gallons of solution 
after each batch is dipped, keeps the treating solution at the proper strength. 

Experiments completed since 1917, at the Michigan Agricultural College, 
show that treatment for one-half hour is as efficient as the longer soaking 
(14% to 2 hours), previously advised. 


SCAB, 


An interesting fact was gleaned from the seed treatment experiments of 
1919 and 1920, in relation to Scab control in the limestone regions of the 
Upper Peninsula. Although corrosive sublimate was found to be effective 
for Rhizoctonia and Blackleg, neither this disinfectant not formaldehyde 
were found to control Scab. Plats planted with clean seed which had been 
treated with corrosive sublimate showed as much Scab as plats planted with 
scabby seed which had not been treated. These plats were planted on virgin 
soil of limestone formation, which had never borne a previous crop of potatoes. 
High percentages of Scab were found in all plats regardless of previous treat- 
ment. This would indicate that the Scab organism must be present in the 
virgin caleareous soils of the Upper Peninsula, and that seed treatment for 
Scab control is not effective in such areas. 

Knowing that the scab organism requires a sweet or alkaline soil for growth 
and is not present in acid soils, some experiments were conducted in 1920 to 
change the soil reaction so that it would become more acid or sour, and thus 
discourage the growth of the Scab organism. Sulphur was used in these 
trials and was applied at planting time. At harvest the yields from these 
plats did not show any appreciable decrease in the percentage of Scab, but 
soil samples taken shortly before harvest showed that the soil reaction had 
changed sufficiently to prohibit the growth of the Scab germ. It is probable 
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that the change in soil reaction was not brought about quickly enough and 
that the young tubers had become spotted before the change was brought 
about. Although control by soil treatment was not obtained during the 
first season’s experimentation, the results have not been entirely discourag- 
ing and the 1921 trials will be planned to remedy the defects of those of the 
past season. The solution of the Scab problem will be of great value to the 
potato growers in the limestone areas who at present can grow but one crop 
of marketable potatoes on a given piece of land and must each year select 
a piece of virgin soil for their potato. fields. 


BLACKLEG, 


This disease is one of the most important potato troubles in the Upper 
Peninsula. It is very widespread and during cold, wet seasons, which are 
particularly favorable for the disease, the loss incurred through death of 
hills in the field and rotting of tubers in storage runs high. Losses of from 
25 percent to 75 percent of the crop are not uncommon, and in seasons of 
comparative drought fields showing as high as 10 percent of Blackleg can 
often be found. 


Fig. No. 19. Young potato plant affected with blackleg, showing characteristic blackening of stem. 
This disease can also be recognized by the yellowing and wilting of the leaves. 
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The investigations conducted upon this disease have shown that the trouble 
in the Upper Peninsula is caused by a bacterial organism which is carried 
from year to year in diseased tubers. The trouble is spread for the most 
part in storage bins where diseased tubers rot and infect the neighboring 
tubers. When such tubers are planted high percentages of Blackleg in the 
field is the result. It has also been found that the disease will winter over 
in diseased tubers which are left in the ground. Potatoes should not, there- 
fore, follow potatoes in rotation and at least four years should intervene 
between crops. 

Blackleg of potatoes can very easily be controlled by treating the seed 
’ tubers with corrosive sublimate, as described for Rhizoctonia, and by rogue- 
ing out diseased hills during the growing season. It is important that the 
rogueing be severe and that the entire hill, showing the disease, be dug up. 
Quite often hills will be found in which only one or two stems show the char- 
acteristic blackening while the others are apparently healthy. Should these 
be left in the field they too will later go down with the disease and produce 
tubers which will spread the disease during the storage season. 


HOPPERBURN (TIPBURN). 


Tipburn of potato leaves has been known for a long time and until recent- 
ly was thought to be due to weather conditions. It was noted that during 
dry seasons the trouble was always severe and it was thought that the burn- 
ing of the tips and margins of the leaves was due to sun effects. In 1918 
Dr. E. D. Ball of Wisconsin, demonstrated that a leaf hopper (Empoasca 
mali LeB.) was the cause of the trouble. Dr. Ball’s discovery, however, 
was so revolutionary that plant pathologists and entomologists alike were 
rather hesitant in accepting it as a fact. It was to confirm or contradict Dr. 
Ball’s work that the Hopperburn investigations were undertaken. By 
means of cage experiments in 1919 it was conclusively demonstrated that 
leaf hoppers were the cause of the burning of the tips and margins of potato 
leaves. Results of these experiments were reported in Phytopathology 
10: 61-62, 1920. 


Fig. No. 20. Cages used in leaf hopper experiments. Hopperburn was produced in cages into which 
leaf hoppers were introduced. No burning resulted in the cages which were kept free from all 
insects nor in those cages into which plant lice were placed. 
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The importance of this trouble in the Upper Peninsula was revealed during 
a survey which was made during the latter part of July 1919. Potato fields 
in six different counties were visited and in five of these Hopperburn had 
caused serious loss. Many fields were visited which were a total loss, the 
tops being killed before the tubers had reached marketable size. The loss 
from this cause in 1919 was estimated by J. W. Weston, Assistant County 
Agent Leader, as $1,000,000. Hopperburn was found to be more serious 
on light than on the heavier soils, early varieties were more susceptible than 
later maturing varieties.’ Observations made on the variety plots at the 
Station confirmed the findings of the survey. Of the early varieties 
Bliss Triumph was found to be the most susceptible and was followed 
in order by Early Ohio and Irish Cobbler. Of the late varieties the Idaho 
Rurals were most susceptible and were followed in order by Green Moun- 
tain, Russet Burbank, and Rurals. The last two varieties remained green 
throughout the entire season although the foliage was curled upward. 


Fig. No. 21. Potato leaf hopper adults (top row), leaf hopper nymphs (middle row), plant lice, aphids 


(bottom row). The leaf hoppers, especially the nymphs, cause the burning of the leaves. No 
burning results from the attack of plant lice. 


The importance of the leaf hopper (Empoasca mali LeB) as a potato pest 
having been determined, the 1920 investigations comprised life history studies 
and control measures. ‘The former revealed that the Potato Leaf Hopper 
passes the winter in the adult stage, and in the spring after hibernation feeds 
on various field crops and weeds until the early potatoes break through the 
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ground. At this time the adults fly to the potato fields and the females lay 
great numbers of eggs on the young potato vines. Thousands of eggs are 
known to have been laid on a single hill. If weather conditions are favora- 
ble—dry and warm—these eggs will hatch in approximately fifteen days. 
A longer period will be required if the weather is cold. The growing nymphs 
are voracious feeders and by sucking from the veins and veinlets near the 
edges of the leaflets cause the characteristic burning of the leaves. Very 
little burning is apparent before the nymphs begin to appear, the adults 
causing a very small percentage of the injury. A period of fifteen days of 
favorable weather conditions are required for the nymphs to reach maturity. 
Approximately a month or thirty-five days is estimated as the length of 
time required for a leaf hopper egg to hatch and the nymph to reach the 
adult stage and lay eggs for the next generation. It is probable therefore 
that in favorable seasons there are two generations of the potato leaf hopper 
under Upper Peninsula conditions, the first generations reaching the adult 
stage during the latter part of July and the second generation the last of 
August and first of September. Nymphs of the third generation are no 
doubt killed by frosts before reaching maturity. 


BORDEAUX MIXTURE AIDS IN CONTROLLING HOPPERBURN. 


Ever since bordeaux mixture* began to be used as a spray for potatoes it 
has been repeatedly noted that the percentage of Tipburn in sprayed fields 
was considerably less than in fields which had not been sprayed. The fact 


~ 


~ 7 


Fig. No. 22. Potato leaves showing burned areas (Hopperburn) at tips and margins caused by potato 
eaf hoppers. 


*Directions relating to the manufacture and use of bordeaux mixture may be obtained from your 
County Agricultural Agent or by writing the Michigan Experiment Station, East Lansing, Mich., 
for Special Bulletin No. 85—Michigan Potato Diseases, 
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that Hopperburn, if not identical to, at least resembles Tipburn very closely, 
led to the presumption that bordeaux mixture might be a factor in the con- 
trol of that trouble also. The potato plats at the Station were sprayed 
weekly with 5-5-50 bordeaux mixture, five applications being made during 
the growing season. The sprayed and unsprayed plots were kept under 
careful observation throughout the season and at no time were leaf hoppers 
as numerous in the sprayed as in the unsprayed plots. On September 5th 
hill counts made for Hopperburn showed 1.71 percent in the sprayed versus 
27.75 percent in the unsprayed plats. Bordeaux mixture was instrumental 
therefore in the control of Hopperburn. The spray does not kill the leaf 
hopper but merely acts as a repellant. Vines covered with bordeaux mixture 
are not relished by the insect and it flies away to other hosts or other potato 
fields which are not sprayed. For best results the first application of bor- 
deaux should be when the vines are 5 or 6 inches tall, followed by a second 
spraying about a week later. At least two subsequent applications should 
be made at intervals of 10 to 14 days. Getting the vines covered with bor- 
deaux mixture early will ward off the overwintering adults and at the same 
time insure freedom from the ravages of the first generation nymphs. The 
subsequent sprayings will repell the adults of the first generation which come 
back akout a month later to lay eggs for the second generation. This re- 
sults in the losses from Hopperburn being reduced to a minimum. 


MISCELLANEOUS PROJECTS. 


There are many problems connected with the developing of a ‘‘new agri- 
cultural territory,’’ such as the Upper Peninsula, that may or may not be of 
general interest, yet demand attention for those who are interested. Land 
clearing, muck soil management, sandy soil management, and other similar 
problems are among those here reported to which the Station is giving at- 
tention. 

Many of these projects are co-operative where two or more interested parties 
or organizations are assisting the Station in the. solving of the problems to 
the common good of all. 


Fig. No. 23. County cooperative barley and oat test, Delta County 1920. 
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COUNTY CO-OPERATIVE CROP TESTS. 


The various types of soil together with the influence of temperature and 
moisture on the growing season, effect the farm practices even within short 
distances. In order that the Station can check up on just what the influence 
of these local environmental factors are, tests are being conducted in several 
of the counties. These tests are put on in co-operation with the County 
Agent. In 1920 four county tests were put on with oats, four with barley, 
and three with alfalfa. 


CO-OPERATIVE CROP WORK ON MUCK SOIL. 


The Station is co-operating with J. A. Jeffery, Land Commissioner for the 
Duluth South Shore and Atlantic Railroad Company in making a fertilizer 
and grass seeding test on the muck soils of the Seney Swamp area in School- 
craft county. The fertilizer test was planned by Mr. Jeffery to demonstrate 
the benefits, if any, that might be derived from the use of various commercial 
fertilizers and soil amendments on the muck soils of this area. 

This work is being conducted on the farm of Mr. H. E. Bullock, five miles 
west of Seney. Mr. Bullock’s co-operation in furnishing the land, material 
and labor for these experiments is making it possible for the work to be con- 
tinued in the future. It was unfortunate that in 1919 the particular part 
of the farm on which the experiments were being conducted, lay in the path 
of one of the largest swamp fires ever recorded in that section. The crops 
themselves were not only burned up, but the soil burned to a depth of six 
to eight inches. The original experiment as put out in 1919 was again put 
out in 1920 and quite satisfactory results obtained. Work was also started 
with such crops as mint, cauliflower, cabbages, potatoes, celery and head 
lettuce. Experiments to determine how best to establish a new seeding on 
the burned over area were tried. A mixture of several grasses and legumes 
was seeded under four different sets of conditions; seeding with no cultural 
work; seeding and harrowing; harrowing and seeding; harrowing seeding 
and harrowing. Observations of at least one more season will be necessary 
before drawing conclusions as to how best to seed on this area. 


Fig.. No. 24, Co-operative ‘‘Truck Crop’’ experiments on the Seney area 1920. 
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LAND CLEARING. 


The high price and scarcity of labor during the past two years has made it 
necessary to slow up on the land clearing program as previously planned. 

On a tract that was grown up to brush quite heavily a band of sheep were 
pastured during grazing season of 1918, and were kept on this tract as long 
as they could get enough to eat to keep them from falling away seriously. 
The sheep kept the leaves trimmed on all the brush they could reach, also 
browsed in the smaller brush to such an extent that the tract appeared very 
open in the fall. 

In the spring of 1919, another bunch of sheep were turned in and held there 
until the latter part of July, when the grazing was practically gone. Our 
reason for this was to use the sheep as land clearers, to keep any of the smaller 
brush that remained green, from starting to grow. During the dry weather 
about the middle of August, slashings of the larger brush was begun, and the 
sheep were allowed to consume the leaves. The plan being to cut all the 
larger brush at this time, with the belief that it would not start to grow from 
the roots. After working two days at this, with one man, a fire broke out: 
and swept the greater part of the area, besides a much larger tract, before 
it could be controlled. The fire had the desired effect of killing the brush 
and burning the larger number of stumps and logs. About the middle of 
November a part of this burned area was seeded to red clover, alsike clover 
and timothy, the balance of which was seeded early in the spring. The ob- 
ject of sowing the seed at this time was that it would get worked down into 
the soil during the winter and early spring before the weather would warm 
enough to germinate the seed. At the same time, the germination of the 
seed would not be weakened, owing to the heavy snows during the winter. 

This tract was left without pasturing until about the middle of the sum- 
mer, when light grazing was permitted in order to destroy the weeds and 
small brush that might get started. 

Another ten acre tract, between the railroad and the barns was partially 
stumped; over one-half of the stumps being pulled with the team, a few 
others pulled with a one man stump pulling machine, during a demon- 
stration conducted on ‘‘Field Day,’’ August 14th, and a few blown out with 
dynamite, on the same day, during a demonstration conducted by a 
powder company. 

The field is now being used as a pasture for the dairy herd, but it is the 
plan to develop it into a cultivated field in the near future. 

Forty acres lying east of the cleared land on the upper farm were staked 
off and plans made to clear it. Twenty acres were cleared and plowed in 
time to put in crops of barley and oats and peas. The other twenty acres 
are partially cleared and will be completed in time to put in crops next year. 

The system used was to (1), pull all stumps and brush with a team that 
could be pulled leaving them where they could be readily piled. (2), Blow 
out the remaining stumps with low grade powder. (38), Pile and burn the 
logs, stumps and the small sticks and chunks that lay a short distance from 
the piles. (4), Using team with wagon or stone boat, give the field a careful 
pick-up of sticks, chunks and fire brands, making piles of the same in straight 
rows across the field the way it will be planned. Burn the piles when dry. 
(5), Plow and scrape the large knolls into the holes. (6), Plow the field, 
leaving a strip where the rows of chunk piles are until such time as-they are 
dry enough to burn. (7), Pick up stone and chunks plowed out. (8); Use 
spring tooth harrow, disk harrow, and leveler until land is in shape to seed. 
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It is the plan of the Station to push the land clearing as rapidly as possible, 
until there is enough land under cultivation to supply sufficient feed to en- 
able an increase to be made in the flock of sheep, the dairy herd, and also 
to feed a beef herd, without having to buy any roughage. 


FENCING. 


One and one-fourth miles of 48 inch woven wire fence was erected this 
season, which enclosed another tract of land that will be used for grazing, 
with the exception of forty acres now being cleared. ‘The wire was purchased 
at 63 cents per rod. The posts were cut on the Station farm. . 

Two miles of fence will be erected in the spring which will finish enclosing 
the Experiment Station property. This will give another half section for 
grazing. A large part of this will make good cultivated land as soon as it 
can be cleared. All of this land has been seeded, but owing to adverse con- 
ditions at the time of seeding, the land has not sodded over completely. 


Cur-Over LAND MANAGEMENT. 


The following is given very largely for the purpose of offering suggestions 
to the new settlers in Northern Michigan. 

In observations taken while traveling over the Upper Peninsula, it has 

been found that a great variety of methods are used in clearing brush land, 
and from these, conclusions are drawn that will furnish items for consideration, 
at least. 
_~It is self-evident to any one that the green brush must be destroyed. In 
accomplishing this it is found that sheep and goats work to very good ad- 
vantage. ‘To get the best use from them, the land should be fenced in small 
enough areas to compel the number of sheep or goats to do thorough work 
‘in trimming the brush as high as they can reach. Then the balance of the 
brush should be slashed, and as soon as convenient and the weather and 
winds are right so that it will be safe to burn, fire can be used to excellent 
advantage to sweep over the area, cleaning up the brush, and many of the 
logs and old stumps. 

In using fire to the best advantage, one should be careful to have a wide 
border burned around the area to be cleared, before it becomes too dry, thus 
preventing danger of the fire destroying adjoining property. 

As soon as the fire has entirely died out, grass seed should be sown. The 
kinds of grass seed will depend largely upon the types of soil. For well 
drained soils, the following mixture has been a success on the Experiment 
Station tract. 


Ale Teieewen iter oy ec aN ae eset vet x Shelley BIS, 2 cosh 2 pounds 
Mamet hy Cloner ars eh cece cee <a eos 2 pounds 
JuMe Glover t eee Meee: end OL Vet See 2 pounds 
PR BTCEL weet mare saan or ees WA bala det er yes 2 pounds 
PRU Oise ese tee URL kale ee eae uae erie 4 pounds 


If the ground has been allowed to settle thoroughly after the burning then 
it would be advisable to wait until late fall or early spring for seeding. A 
light snow will be found a great advantage while sowing, as a person will be 
able to do the work without the use of stakes or the possibility of double 
seeding, or of missing large strips, as he will be able to keep an approximate 
distance from his back tracks. 

This new seeding should not be grazed until the plants become well rooted, 
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and then not severely enough to prevent many of the plants from re-seeding. 
It should be kept for grazing until such a time as the brush roots have dis- 
appeared, and the stumps are partially decayed. Only in exceptional cases 
has it been found advisable to break land where the green brush has recently 
been removed. ‘There are cases however, where a new settler has no other 
alternative than to break up a small area of green brush land, when getting 
started, and in many cases has not the means to fence, or to buy sheep or 
goats for clearing the brush. In that case it is usually the custom to use an 
axe or a brush hook for cutting the brush, removing the small stumps with 
the aid of a horse power or a power puller, and plowing around the larger 
stumps until they have partially decayed. 

In removing the stumps, three factors work to good advantage. First 
remove all stumps that it is possible to, with a team, and the balance can be 
removed with dynamite or power stump pullers. Whether to use dynamite 
or a stump puller will depend on the condition of the stump and the condi- 
tion the soilisin. If the body of the stump is quite rotten a puller will shear 
off the top leaving the roots in the ground, but where the tops are solid and 
the stumps fairly thick, the puller will work to good advantage. One thing 
in favor of dynamite is that it loosens the dirt from the roots, while the power 
pulled stumps require more or less hand labor in removing the dirt. 

There are several types of stump pullers on the market. One that can 
be worked with one man, working a lever, and others with one or two horses. 
The type to be selected will depend largely upon the amount of work to be 
done and the amount of money the settler can afford to put into equipment 
of this kind. 

The amount of dynamite to be used varies greatly with different kinds of 
soil. The relative cost of dynamite and hand labor will make a difference 
in the amount of power to be used. By this is meant, whether it will be 
advisable to put in sufficient charge to blow the stump entirely out, or whether: 
a smaller amount can be more economically used, by simply splitting the 
stump and pulling the parts out with a team. 

In many cases farmers find it advisable to leave some of the larger, greener 
stumps, working around them for two or three years before blowing them out. 
This also will depend upon the amount of money the farmer is in position to 
expend in clearing the land. 

Where the power pullers are used extensively, it will be found very eco- 
nomical to use the stump piling rig, in order to get the stumps in large piles, 
so that they will dry out and burn to better advantage, but where the dyna- 
mite is used the stumps are usually broken up so that they can be handled 
by hand. 


FARM MANAGEMENT FOR THE NEW SETTLER. 


Too much emphasis can not be placed on the importance of the new set- 
tler making plans for the location of his buildings and the size and shape of 
his fields, as he hopes to have them when his farm is under cultivation. 

Too many sets of buildings are constructed ina haphazard sort of way be- 
cause no plans have been made, thereby compelling the farmer to work at a dis- 
advantage all of his life, for it is seldom that buildings are moved after they 
are once built, unless they are torn down, and replaced by larger ones. 

Long fields always work to better advantage than square ones. Too 
many farmers have a lot of small fields rather than a few large ones. This 
makes the cost of production greater, while it also Hele it more inconven- 
jent for the farmer. 
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In portions of the State where it is not advisable to grow corn, the newly 
broken land is usually put into potatoes, rutabagas, oats, or oats and peas. 
Barley, wheat, or rye do not adapt themselves as readily to first breaking 
as do potatoes, oats, rutabagas, or oats and peas. 


Fig. No. 26. Boys’ and Girls’ Club camp, August 14-16, 1920. 


The settler who starts with a few head of high grade livestock and continues 
to breed them to pure bred sires, and increases his numbers as rapidly as it 
is possible for him to raise the winter feed, is much surer of success, than the 
farmer who is indifferent about the blood lines of his stock. 

The kinds of stock to raise depend largely upon the likes and dislikes of 
the individual owner, the type of soil, the amount of grazing land, the breed 
that is most popular in the community, and the distance from the market. 
The farmers adjacent to a railroad, creamery, or cheese factory find it to 
their advantage to go into the dairy business, with hogs and sheep as a side 
line, raising principally stock feeds, with possibly potatoes for a cash crop. 
On this type of farm a silo is usually a good investment. 

The farmer farther back from a railroad or market center will find it to his 
advantage to raise sheep and beef cattle, in preference to specializing in the 
dairy business, as land is usually cheaper in these localities. This makes 
cheaper grazing. The farmer should, however, plan on producing at least 
one cash crop. That crop should be the one best suited to the conditions, 
which probably would be potatoes, peas, wheat, rye, or clover seed. The 
principal work would be raising large quantities of clover, barley, oats, silage 
crops, and rutabagas, the varieties of these crops depending somewhat upon 
the soil conditions. 
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ANNUAL FARMERS’ RounpD-UP. 


In the summer of 1919, it was felt that a closer contact should be made 
between the farmers of the Upper Peninsula, the Experiment Station and 
the work of the Extension Department of the Michigan Agricultural College. 
As a means of gaining this, a Farmers’ Round-Up was put on August 13th 
and 14th, the program consisting of a County Agents’, Boys and Girls Club 
Leaders’ and Home Demonstration Agents’ Conferences, a meeting of the 
State Board of Agriculture, livestock and farm crops demonstrations, and a 
speaking program with one speaker representing each phase of the develop- 
ment of agriculture in the Upper Peninsula. 

At this meeting a unanimous vote was passed requesting an annual event 
of a similar nature to be held at the Station. About six hundred people 
were present at this meeting. 

In 1920, a much more extensive program was planned with practically 
the same departments co-operating. As an addition, the Summer Boys’ 
and Girls’ Camp for club members was furnished and livestock prizes given 
for winners of the sheep, hog and cattle judging contests. 

Alger county realizing the handicap the Station was working under in 
providing accommodations for a large crowd very generously volunteered to 
entertain the guests to a barbecue dinner, nearly three thousand people at- 
tended this round-up. 


STUDIES IN CITY MILK DISTRIBUTION. 
BY S. J. BROWNELL. 
Special Bulletin No. 111. 


INTRODUCTION. 


The drift of people toward our cities and the resulting rapid increase of 
urban populations have given an unusual prominence to all forces affecting 
a city’s food supply and distribution. 

During the hearings of the Detroit Milk Commission the writer of this 
bulletin was impressed with the lack of authentic data concerning some of 
the many important steps in milk distribution (Special Bulletin No. 99 of 
this Station). The feature most discussed was that of milk delivery. Some 
voiced the opinion that milk should be dispensed from cash and carry stations 
only. Most consumers, however, preferred to have milk delivered at the 
door in the usual way, but contended that there was waste motion and un- 
necessary expense entailed by reason of duplication of milk routes. Some 
testified that they had seen two, three, five and even more milk delivery 
wagons on the same street. Most city residents were of the opinion that the 
presence of these wagons on the single street added much to the cost of milk 
delivery. Some even asserted that its elimination would enable distributors 
to make a very substantial reduction in milk prices. 

While many popular magazine and newspaper articles had been written 
upon the subject, it was found that little actual study had been made. It 
was, therefore, in an attempt to ascertain the simple facts in actual practice 
that the work described in this bulletin was undertaken. 


Crtirs STuDIED. 


The first study was made in East Lansing, Michigan. The College city 
was selected because of the convenience and opportunity it offered for devel- 
oping working forms upon which to make further studies, and get acquainted 
with some of the problems to be met in the larger fields. After East Lansing 
was completed, Lansing, Kalamazoo, and Flint were studied in the order 
named. 

Lansing is a city of 57,327 people, fair roads, and well laid out for the 
distribution of milk. It has a city food and milk ordinance enforced by a 
qualified city food and milk inspector. 

The milk supply of the city is handled by 14 distributors operating 31 
vehicles of which five are wholesale and 26 are retail. This requires the use 
of 33 men, 33 horses, seven trucks and 24 wagons. It requires 6,300 quarts 
of wholesale milk and 6,473 quarts of retail milk to supply the city daily. 
All milk is delivered in the day time. The wholesale men and part of the 
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retail men make one trip a day, while some of the retail men make two trips 
a day over the same territory. The wholesale dealers get cash and are paid 
for lost bottles. The retail dealers use a cash and ticket system. 

Kalamazoo is a city of 48,487 people, good roads, although quite hilly on 
the outskirts of the city. The city is not so well adapted to the delivery of 
milk as is Lansing, but is fairly well laid out. The city milk and food supply 
is under the supervision of a milk and food inspector, but there is no 
workable city ordinance enforced. The milk supply of the city is handled 
by 18 distributors operating 40 vehicles of which three are strictly wholesale, 
seven entirely retail and 30 which carry both wholesale and retail. Forty- 
one men, 42 horses, and two trucks are used to distribute 6,555 quarts of 
wholesale milk and 6,926 quarts of retail milk to supply the city daily. Whole- 
sale milk is delivered in the day time and two deliveries a day are made to 
each stop. The milk is sold for cash and lost bottles are paid for. Retail 
milk is delivered after twelve o’clock at night with one delivery a day and a 
credit system of monthly collection is used. 

Flint distributors were supplying 100,000 people at the time the study 
was made. Flint.is well laid out for the distribution of milk, but with roads 
in a very poor condition causing detours and smaller loads or more horse- 
power. It has a city milk and food inspector and a city milk and food ordi- 
nance that is enforced. The milk supply of the city is handled by 13 dealers 
operating 63 vehicles, 18 of which are exclusively wholesale, five entirely 
retail and 40 handle both wholesale and retail. Besides this there are four 
wagons which handle only buttermilk and have no regular route, therefore, 
they are not included in the study. Sixty-six men, 61 horses, 15 trucks and 
48 wagons are used to distribute 18,400 quarts of wholesale milk and 11,110 
quarts of retail milk to supply the city. The wholesale milk is delivered in 
the day time with but one delivery a day and is sold for cash. The drivers 
are allowed to give credit only at their own risk. An effort is made to obtain 
all empty bottles, but no charge is made for losses. Retail milk delivery is 
made after twelve at night, all loads are thus delivered before twelve noon. 
No afternoon delivery on regular routes is made. All milk is sold for tickets 
or cash, but drivers are allowed to give customers credit at their own risk. 


How tHE Stupy Was Maps. 


One complete trip was made with each wagon in the different cities studied, 
making notes on all the individual problems of each wagon, writing up the 
route traveled and stops made, size of load, time of delivery, amount sold, 
number of sales, etc. Enough time was spent with each driver to obtain 
complete information of his work. The route, every stop, and customer of 
that driver was then drawn on a map of the city in color so that the deliv- 
eryman could be followedin his day’s work. Measurements were made to 
determine the number of miles traveled, both wholesale and retail, the miles 
of duplication of self, and miles of duplication of others. When all the 
routes in the city had been mapped one could determine for any place in the 
city who delivered at each house, how many drivers traveled any street, how 
many drivers delivered in each block, ete. Because of changing population 
during the time necessary to make the studies some slight errors naturally 
have entered, but the average results are not appreciably affected thereby. 

To illustrate some of the conditions met with, and to show how data were 
determined, a map of Kalamazoo was prepared and may be obtained by 
addressing this Station. 
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Observation of this map shows that the plan of the city does not 
lend itself to the most convenient system of distribution, due to a complicated 
system of streets laid out to furnish personal or community conveniences. 
Such conditions are an actual hinderance to efficient milk distribution. 
Kalamazoo, like most Michigan cities, was located on a river because of the 
many benefits that could be obtained from such a location. The efficient 
distribution of milk is one of the city’s industries which is handicapped as a 
result of the city plan and location. This is because of the division resulting 
from the city having been built on both sides of the river, causing extra 
driving. This driving is also increased through lack of bridges. Flood 
lands along the river, usually uninhabitable, also increase the waste distance 
traveled. 

The same is true with railroads as with rivers, causing detours and extra 
traveling in which no deliveries can be made. Centrally located manufac- 
turing plants, various industries, schools, blind alleys and streets, etc., all 
increase the miles traveled and the unavoidable duplication of routes. Even 
by taking a portion of any city laid out in regular rectangular blocks (Figure 
No. 1) and traveling every street as shown in the accompanying figure one 
will find that if all the streets are covered it will be necessary to duplicate on 
some of them. There will also be further duplication necessary if another 
route must pass through this territory to distribute to a farther field. 


eee 
CCI 
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Figure No. 1. Shows a portion of a city laid out in rectangular blocks and the necessary duplication 
if all the streets are traversed. 


MetruHops or MBASURING DUPLICATION. 


Several methods have been used by other investigators in determining 
duplication, all of which may be classed as survey methods. ‘The one used 
the most, being that which ascertains the number of wagons passing a given 
place every day. This is also the method used by the consumer upon which 
to base his conclusions, taking his observations from the front of his house. 
Several cities have also applied this method by having policemen count the 
wagons in different sections of the city and making house to house inquiries 
in different blocks of the city. Thus they find out how many dealers deliver 
in certain blocks. 

Measuring of the miles traveled by all milk delivery vehicles in the city 
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and comparing this to the number of miles of city streets has also been used 
to determine excess delivery and duplication. 

Our method of determining duplication, as previously described in this 
bulletin (page 361), eliminates the greatest fault of the other methods in that 
it shows more accurately the necessary duplication in theoretical distribution 
as for determining duplication in actual distribution. 

After the study of milk delivery in each city was completed and while a 
knowledge of the demands for service in the different sections of the city was 
still fresh in mind, the city was mapped with a theoretical system of milk 
wagons designed to supply the entire city from one common starting point. 
The mileage traveled, and necessary duplication in this system, was scaled 
from the map, using the city studied as the geometrical figure. 

The writer does not maintain that the, theoretical system would in actual 
practice effect all the economies designated in this bulletin. First, because 
experienced persons have difficulty in laying out a new system and have it 
work successfully. As soon as actual operations begin omissions and com- 
plications are sure to be discovered. Second, a central distributing plant 
does not have the tendency to give service to the consumer or demand effi- 
ciency from its men as is necessary in independent competing companies 
whose existence depends on efficiency and service. 


DUPLICATION OF DELIVERY. 


In making a study of the duplication of routes, duplication over the entire 
route was considered rather than at any given point, and the result is ex- 
pressed in miles. ‘Total duplication was divided into two classes. First, 
duplication of others, and second, duplication of self. For example: When 
in a day’s work a wagon for the first time passed over a street which had been 
traveled on by a wagon previously studied, this was called duplication of 
others. If any wagon returned over any street which it had previously 
traveled that day it was duplication of self. The total miles traveled minus 
the total duplication would give the number of miles of city street covered. 

The streets upon which the most duplication is made are those traveled by 
wholesale wagons. Usually these are the paved streets and a driver will go 
several blocks out of his way to travel these streets rather than haul a 
heavy load for a distance on a street in poor condition. There is also more 
duplication in wholesale deliveries than in retail deliveries. Besides the 
other reasons that govern duplication of retail delivery there exists the 
demand from the different classes of business that require deliveries at dif- 
ferent times of the day. Places where meals are served and some bakeries 
require a before daylight delivery. Another trip to the same territory is 
required to serve the retail stores which open later. Where competition is 
keen another delivery is sometimes made to the same places, usually right 
after noon, to supply milk bottled that morning in order to get fresh milk on 
the market as soon after bottling as possible. 

Retail wagons that carry wholesale milk usually deliver their retail loads 
before seven o’clock in the morning, then double back to supply the whole- 
sale trade in their territory, and collect for cases of milk left at the door before 
stores were open. 


SIZE OF LOAD. 


One of the first questions which presented itself in regard to delivery of milk 
was the size of a load and what constituted a day’s work for man and horse. 


a 


a 
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This resolved itself into the fact that the size of the load was limited to what 
is a day’s work for horse and man. Some of the things found to determine a 
day’s work for horse and man were as follows: Industriousness and effi- 
ciency of the man, equipment provided, character of roads, density of popu- 
lation in region covered, season of year, distance traveled, and milk sold per 
stop. Industriousness and efficiency of the deliveryman at times doubled 
the load over what a previous driver carried. This was overcome to some 
extent by paying a minimum wage plus a percentage on sales. Practically 
all two horse wagons, trucks, and the larger one horse wagons will carry 
enough milk in bottles on one load to give a deliveryman a good day’s work’ 
if he delivers the whole load to retail customers and does his work well. The 
efficiency of the man in handling his own route has more to do with the 
efficiency of delivery than any modification in the handling of collective 
routes. Much time can be lost and sales affected by poor management of 
the driver. One minute spent at each house stop in summoning delinquent 
customers or in conversation or making change with each customer means 
over four hours time a day outside of delivery. The art of house to house 
salesmanship is possessed by few and to accomplish these transactions in the 
minimum time without offense to the buyer is an even more rare ability. 
Unnecessary duplication and drives and many other smaller items make the 
salesman the big factor in efficiency of delivery. 

The equipment provided the man may increase or decrease his delivery. 
A sturdy wagon of suitable size, supplied with plenty of reliable horsepower, 
facilitates delivery. On good roads more can usually be accomplished with 
one horse than a team, because generally one horse will learn the route, follow 
the driver and respond to his commands better than will a team. Some 
teams, however, are very satisfactory and in some cases a necessity on routes 
where the roads are bad or where large loads are carried. Wagons so small or 
weak that extra trips must be made for more milk or have milk delivered to 
them at field points will retard deliveries. Poorly constructed wagons which 
demand extra labor and shifting of cases, and poor delapidated wagons typ- 
ical of the cheap huckster class, will delay the service of delivery. In order 
to obtain the best results the wagon should be large enough to take care of 
any temporary expansion of business, and the largest day’s delivery of the 
year. This may cause the deliveryman to work overtime a small portion 
of the year. A one-man milk route is never large enough to support two 
routes even during the rush season. 

Roads affect the size of load and rate of delivery. Their condition varies 
at different seasons of the year. Rough as well as heavy roads demand slow 


driving; and when the roads are real bad, as in the spring, the load must be 


greatly reduced or an extra horse added. ‘This is true mostly for the routes 
covering the outskirts and newer portions of a city. Those more centrally 
located usually have the better roads the year around. 

The distance traveled affects the size of the load by limiting the time to 
carry the milk from the wagon to the door step. This is true only where 
mileage is excessive as the driver usually takes advantage of short drives to 
shift cases, fill carriers, mark charges in his route-book or take tickets from 
the bottles. 

Summer season makes a larger demand on milk distribution than any other 
season. For this reason the wagon must be able to take care of its maximum 
load in the summer, while during the other seasons the load decreases. Data 
presented in Table I show that there is a 23 per cent increase in city sales 
during the spring and summer months over the low period of the year. 
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Lenten season, epidemics, and holidays also tend to increase the loads. A 
brief water epidemic in one city increased the sale of milk 25 per cent for the 
whole city in a week’s time. 


TaBLeE No. I 


THIS TABLE SHOWS THE DIFFERENCE IN THE AMOUNT OF MILK SOLD IN WIN- 
TER ATD SUMMER. 


Dealer Number March July Difference Percent ay 
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Udenetovets Gkekamake aula siecd them tireratate es 223.5 Ses || a al'ereveitte ake eats 100.00 
8 rare eats baie chap oie souatunatehersheneretare 266.5 228 aS sie || Facet ar's uele de ees 14.45 
Oe ectctavatels hele) alle iabeiote etetele else 401.0 804 403 .0 LOO N40 en eee 
Osta diva dicta bac to UbloDeodan be 282.0 204 SOO N| sie cuereeaeioleaets 27.62 
DPN evshoesu she evete sranonettctee vatonstersterecs 347.5 400 52.5 0 i rel a IS 
ee cece dee Oncellatis sictate @ rie netinis whe, ats 508.0 400 eNOS S'Ol:| arora arenenete eee 21.26 
Ee SWS A oom .bS On comet 413.0 454 41.0 QQ ae Wie keene neers 
Ta OG Cre S Rice ecko oie cate oo Oe 268.0 298 30.0 DD UO tai arsccoe tener chetebeeie 

TOtal 2 Gi pastes octets 12,773.0 15,745 2,972 23°) 27 ray] os ERS ae 


*Out of business. 


UNNECESSARY DUPLICATION. 


Upon comparing the actual delivery with the theoretical we find that there 
is a great difference in the amount of duplication. Some things which affect 
this have already been mentioned on pages 5 and 6. From the theoretical 
system we find that it is impossible to formulate a system of delivery in which 
the entire city is served without some duplication. The duplication which is 
unavoidable we have considered as necessary duplication. The difference in 
amount of duplication between the actual and theoretical systems is called 
unnecessary duplication as shown in the following Table No. II. 
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TABLE No. II 


COMPARISON OF ACTUAL AND THEORETICAL SYSTEMS OF DELIVERY TO OBTAIN 
AMOUNT OF UNNECESSARY DUPLICATION IN DELIVERY. 


Actual Theoretical 


Unnecessary | Per Cent of 


City Studied Duplication | Unnecessary 
Total Necessary Miles Duplication 
Duplication | Duplication 
iles Miles 
Su NS PRET NID ECS ee oe 
ROO AS) <1 ON Cae eT ye Sk ee 330.70 52.50 278.2 84.13 
Lansing ehGYetalclislsia{'s)elarisv ate ekiehicves eas] eyeheieve cefelese erect 202.90 41.78 161.12 79.41 
ETS Sa GIR a nt Sh i ee 208.75 107.25 101.50 48.62 


ee eee 


From this table we find that there is a great amount of unnecessary dupli- 
cation present in each of the cities studied. Also there is some necessary 
duplication which must be considered. The tendency is to consider the 
percentage of unnecessary duplication entirely as a percentage of inefficiency. 
In reality it is only the indicator of service demanded by and given to the 
consumer and has but very little relation to his cost of milk. 


UNNECESSARY WAGONS, 


As previously stated, size of load plays a very important part in the effi- 
ciency of distribution. With the use of a theoretical system as a measure, 
the number of unnecessary wagons was determined as follows: 

An average load was determined for the theoretical system. The size of 
this load varied in the different cities, but in each case it was estimated as 
nearly as possible to what could be expected to bea day’s work for a man con- 
sidering seasons of the year. By dividing the milk sold in the city into 
these theoretical sized loads the number of unnecessary wagons was deter- 
mined. The difference between the actual number of wagons in use and the 
number of wagons carrying optimum loads is the number of unnecessary 
wagons. ; 


TaBLe No. III 


A COMPARISON OF THE ACTUAL AND THEORETICAL SYSTEMS OF DELIVERY TO 
DETERMINE UNNECESSARY WAGONS. 


Actual Theoretical 


Per Cent of 
City Studied Unnecessary 
* Total Number of Wagons Uneceeeany 
Number of | Necessary 8 
Retail Wagons 
Wagons i 
ALAM AZ OOM Nun eee ctrie skeet eee eek aerate 37 21 16 43.24 
GBT SUP ay rateve clare epcaeheretere rea aan ae savas e nee eke 26 19 a 26.92 
LOILUS TSS RCN caus Ste CN Leen OLS RESINS 2 45 34 11 24.44 
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TO DETERMINE OVER DISTRIBUTION. 


When we compare unnecessary duplication and unnecessary wagons we 
find that there is no relation between them. The percentage of unnecessary 
duplication in Kalamazoo is twice the percentage of unnecessary wagons, 
while the percentage of unnecessary duplication in Lansing is nearly three 
times as great as the percentage of unnecessary wagons. In considering over- 
distribution or inefficiency of delivery the question arises as to which of the 
two is the indicator. Over-distribution is important only as it affects the 
cost of milk. To determine which indicates over-distribution we must, 
therefore, find their relation to the saving of the total cost of milk. Since 
delivery is but one of the items entering into the cost of milk any saving 
made by delivery must necessarily be spread over the entire cost of the milk 
before it has any effect on the entire costs entering into placing milk on the . 
consumer’s doorstep. This percentage of saving as shown in the following 
Table No. IV was figured from the same theoretical system as were unneces- 
sary duplications and unnecessary wagons. ‘This saving in cost of distribu- 
tion was spread over the total milk costs which includes cost of producing, 
processing, delivering, investment and managerial ability, with the following 
results. 


TABLE No. IV 


THIS TABLE SHOWS THE RELATION OF UNNECESSARY WAGONS AND UNNECES- 
SARY DUPLICATION TO THE PERCENTAGE OF SAVING OF TOTAL MII.K COSTS 
ENFECTED BY THE ESTABLISHMENT OF A THEORETICAL DISLRIBUTING 


SYSTEM, 
Per cent of Per cent of 
City Studied Unnecessary Wagons Fer vans 
Duplication Unnecessary & 
Weal amaze ls aeietrsveeicsave aie bicrere'e ee nt es tetaheya hig 84.13 43.24 3.76 
NG AAIBUIS eae are tie eee hes oie ohare ee eT tReet ree 79.41 26.92 2.26 
Libs HE PRE ea eh Sees To Deere too bot 48.62 25.00 2.08 


From the table we see that the relation between unnecessary wagons and 
unnecessary duplications was not proportional while an almost direct relation 
exists between the percentage of saving and the percentage of unnecessary 
wagons. Since this is true we must conclude that size of load is a much 
better indicator of efficiency than is duplication of routes. 


COMPARATIVE STUDIES. 


The relation of the different operations necessary in distributing milk have 
often been discussed with the idea that there was either directly or inversely 
a proportion between them. Some of the operations considered propor- 
tional were as follows: 

1. The miles traveled by the wagons were indirectly proportional to the 
quarts sold per mile. 

2. The time to deliver a load was indirectly proportional to the quarts 
sold per hour. 
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3. The time to deliver a load was indirectly proportional to the quarts 
sold per mile. 

4. The miles traveled to deliver a load were indirectly proportional to the 
quarts sold per hour. 

5. The miles traveled to deliver a load were directly proportional to the 
time required to deliver the load. 

6. The quarts sold per mile were indirectly proportional to the quarts 
sold per hour. 

These different operations have been figured out for the different cities 
studied with the following results. 

Table No. V shows that there is very little relation between the miles 
traveled to deliver the load and the quarts sold per hour of the. different 
dealers in the three cities named. This is accounted for, first, by the per- 
sonal element met with in the driver, as each driver is of different ability to 
deliver milk. Second, the kind of vehicle, as an automobile or auto truck is 
able to cover more territory and give more time for the deliveryman to de- 
liver his milk. Third, the character of territory with regard to kind of roads, 
accessibility of customer, etc., affects the miles traveled and time of delivery. 


TasBue No. V 


The Relation of the Average Number of Miles Traveled per Day per Wagon 
to the average Number of Quarts Sold per Hour for Each of the Dealers 
in the Three Cities Studied 


Lansing Kalamazoo Flint 
Traveled Bae Hee Traveled ee owe Traveled Per wane 
Tice ee eee 20.0 | 14.75 38.38 14.00 59.00 
ich Ee ee 14.75 33.73 9.75 34.20 
obs ee “51,58 | 14.33 42.63 9.25 38.00 
Tosa 8 ee 43.8 14.25| ° 46.00 9.06 40.34 
19-00 322s 2.34. 35.91 12.75 52.88 8.00 40.91 
Oh eee 47 .96 10.75 26.22 7.10 _ 14.25 
TSHOO 222 eke. 65.00 10.50 53.8 6.81 61.36 
Th: eee 26.37 9.75 25.6 6.57 44.73 
i: See ee 37.00 9.75 54.3 4.50 85.77 
40022723522 )us 44.00 9.67 Pits al Meee en Chen emcee 
rt ee 43.44 9.50 BAG? eno anes ube cee 7 ve 
Te Bee eas oe, 41.07 9.50 Bree Re enon Vite eis sn tiech 498 
Ps eee 14.80 | 9.25 DW hee EN eee ee meee 
50 CNET DEON ite eat aae 9.25 Fontenot lice. is ake 
POETS aan ete eee 9.00 eS ico | Ae ne Oe. 
So a eel eo ae 8.29 Sik: s| ee a Sie hee ay ee 
Ro ee Bae ee 6.00 (2 |S a eR a PP 
See ee ee 3.00 Pre Ml Oe ERE Senn Sees ae 
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' Table No. VI shows the relation of quarts sold per mile traveled and quarts 
sold per hour. Here we would expect that the greatest number of quarts 
sold per mile would tend to increase the number of quarts sold per hour 
which is approximately true, but is not so in every case, as in Table V the 
personal element plays the most important part. Tables No. VII, VIII, 1X 
and X, comparing operations in different ways show also that there is no 
direct relation between operations. Because of the extremes which the com- 
parisons show it would be safe to assume that other influences outside of the 
necessary labor in the different operations are more responsible for any 
excess in labor requirements. Some of the influences which tend toward 
irregularity in distribution are: personal element, character of vehicle, and 
territory covered—arrangement being made according to importance. 


TaBLE No. VI 
The Relation of the Average Number of Quarts Sold Per Mile Traveled to 
the Average Number of Quarts Sold Per Hour By the Different Dis- 
tributors in the Three Cities Studied 


Lansing Kalamazoo Flint 

Qts. Sold Qts. Sold Qts. Sold Qts. Sold | Qts Sold | | Qts. Sold 

per Hour per Mile per Hour per Mile per Hour per Mile 
50000 0. cakes 22.5 62.75 41.83 85°77 |p. Lon aaeae 
Ge Wopinacionooues 18.3 54.3 27.85 61.36 42.27 
ey rede eente ue ater atonens 18.35 54.0 17.05 59.00 12.64 
OUR Wega cme oe oi 18.24 53.8 25.62 44.73 25.51 
AT ROG ienascrdersteiialet 18.30 52.88 25.92 40.91 16.87 
AAS OO Fiarctsieres chenstatene 19.80 52.00 28.11 40.34 19.28 
2 Bjoree cipeumigorciacdc 17.36 50.38 22.39 38.00 5.13 
AS Aare a ievere cele otets 23.48 46.00 16.14 34.20 17.54 
BAKO Te tis teenie selene 26.82 44.55 25.79 14.25 4.01 
MAO Oevnratetesee sl onsvepepa 19.80 42.63 PAUBSE Tel IR ra aa Cecio nO Ato aae.ooId on 
EUG sticteal ate woiet evoke tele 15.80 38.38 UG LOZ eesvetsper et cvevcie/clcyaka)| at eenree helettede het eae 
DG ieadiemvas ietaveret sors tehs 18.35 35.18 LFS DB A Bohs Voters eicois wichetos's|| ovastcqetatiolafesateneneeane 
VA ASO Ceasers ic meus 12.16 33.73 Tea Bs Ay hecsyeses< Yeyet ciao: ieie onell legate terete eeterteks 
By nae tel ate nck he Popecitctedcial || ore isrevehs toxexcohecavet ede 31.00 ARG Tie ee tate a cc's he seco hove tll eeekotedebeneesuonaie terns 
Mee As ietewiers Pauls hel attortorssl| elena: ehenererieetoneweuet 26.51 DS OMe |e raiteueceitas oyster exe nefevel| iakatche or stedenetekovenes 
ACR eSATA NSIa No TalaNONSTAN| (othe [ova heaate topes oloteks 29.75 EZ OM |enetenetovoteratelors eietell kane tnteheiareneisnatens 
LUnapereee cee onchsl eterna nail leketekoue io soi eete tone 26.22 NOOBS | eosrs oie cts cecitenatel|forenet Manors serene etehs 
Fo CE NE COIR Cian Ao RAO AC 25.6 coi plich my (eye onetekoteeeteretiets Zal|fekerousie se leteNiapekebeye 
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TaBLE No. VII 


TIT RELATION OF THE AVERAGE NUMBER OF MILES TRAVELED PER WAGON TO 
THE AVERAGE NUMBER OF QUARTS SOLD PER MILE FOR THE DIFFERENT 
DISTRIBUTORS IN THE THREE CITIES STUDIED. 
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Lansing 
Traveled Der Mile 
DO OO a miele crersiais crete 18.24 
Jig LU am Sareea iememsie 18.30 
USGS IRs creecete ee ceNe 18.35 
Poe octets ent tes 17.36 
Hep OOaecrepercieiseelaieys 15.80 
2A S Oa al teers: create 28.50 
TZ OO De eiaee es ares 22.50 
A bel oy: Ga Re eerie 14.60 
ison oe pamrecnenemenrnn 17.96 
LEYS Orarcrcn ate vecereetens a 19.8 
Chat aeRO SPIRIT 23.48 
SURE A epeC Sear Aen arte 26.82 
Gee eieasr sh 12.16 


33 | 


Flint 
mieayersd oP aeperivele 
14.00 12.64 
9.75). 17.54 
9.25 5.13 
9.06 19.28 
8.00 16.87 
7.10 4.01 
6.81 42.27 
6.57 25.51 
4.50 | 42.88 


ee es 


eC ee 


see ee ee eer eeee 


a 


Kalamazoo 
traveled | per Mile 

14.75 16.92 
14.75 17.15 
14.33 20. 

14.25 16.14 
12.75 25.92 
10.75 10.98 
10.50 25.62 
9.75 27.85 
9.75 13.13 
9.67 13.01 
9.50 25.79 
9.50 17.05 
9.25 12.86 
9.25 28.11 
9.00 22.39 
8.29 17.93 
6.00 41.83 
3.00 20.67 


ee 
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TaBLE No. VIII 


THE RELATION OF THE AVERAGE NUMBER OF HOURS OF DELIVERY PER DAY 
PER WAGON TO THE AVERAGE NUMBER OF QUARTS SOLD PER HOUR FOR THE 
DIFFERENT DISTRIBUTORS OF THE THREE CITIES STUDIED. 


Lansing 
qe lect 
Gore ener 47 .96 
DO tome echastreteyatere 50.00 
AA Sonora nial eaiete woe 26.37 
iD raland tera tnrcfarevate ye 35.91 
DOA riertetaaietens 43 .80 
OO tens ke see 53.30 
OU eeta tr etsperete: 37.00 
CD iia tesa ob otarebhs 51.58 
BO) Sesrecarerete erates 44.00 
OO rei ytertele aiers 65.00 
OO se Rise les states | 43.44 
DOR Aimtravers trav 41.07 
DOS aes vaiera rele eveye ets 14.80 


ORCC ea ae ACLs 


Kalamazoo 

Delivery er Hour 
7.50 33.73 
6.83 42.63 
6.50 38.38 
6.25 52.88 
5.50 44.55 
5.00 46.00 
5.00 53.8 
5.00 54.3 
5.00 25.6 
5.00 52.0 
4.50 26,22 
4.00 29.75 
4.00 62.75 
4.00 50.38 
3.00 54.00 
4.75 26.51 
4.23 35.18 


Flint 
Delivery per Hour 
5.00 34.20 
3.30 40.91 
3.00 59.00 
2.25 85.77 
2.00 14.25 
1.25 38.00 
4.69 61.36 
4.33 40.34 
3.75 44.73 


ey 


or 


eevee ww se (6as biel pie 


ry 
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TABLE No. IX 


THE RELATION OF THE AVERAGE NUMBER OF HOURS OF DELIVERY PER DAY PER 
WAGON TO THE QUARTS SOLD PER MILE FOR THE DIFFERENT DISTRIBUTORS 
OF THE THREE CITIES STUDIED 


Lansing Kalamazoo Flint 
Delivery | perMile | Delivery | SerMile | Delivery | per Mile 
GO ala se!as ei iae te 2 28.5 7.50 17.15 5.00 17.54 
penn Acts ter fils ot 18.24 6.83 20.33 4.69 42.27 
(5c 2 OS eS eae aie 14.6 6.50 16.92 4.33 19.28 
SA Der otstelchiveraiey <ve0= 15.8 6.25 25.92 3.75 25.51 
IRA Wears Srave yas Norala've 17.36 5.50 25.79 3.30 16.87 
DUS OBIS OOO DIO IOS 18.30 5.00 16.14 3.00 12.64 
DAQiOs caeciae totioe 17.96 5.00 25 .62 2.25 42.88 
PC Opatvensievoheicus! wei 18.35 5.00 27.85 2.00 4.01 
BP BO ras: svaievere'.s, aos 19.80 5.00 13.13 1.25 13 
EO Oer attire tchatacts) ayers 22.5 5.00 Poi 110 hal eeepc es eS Sor DMSO aE OOS aS 
AOD ictnictate «atetese 23.48 4.75 1350) laaromre pod ere nord lame he bbe ataa aa 
Sr betaderereshrebers s- 26.82 4.50 Leh lsariognacnaooad|laopacoDEbooces 
S150)0)8 Sip eo In eeoee Nae 12.16 4.23 UFR OSIM | eeevetevas seteccictets.s1 41] steberet chal aroktesnetstars 
Me Petsishe tah chiodeta; sh cieycilisucyemetarorohorst Ashore: 4.00 PAC |S oonabenero Gralooobbebopabone 
ht oa pos be eceoral Seo Oh acho crete 4.00 41.83 es 
noc to boebhostpeurs| psec mous cork | 4.00 Q2ISO 4 Nhave ssn oalepataravaeyesa||\ateto el atateyatehohsperee 
ant van sae cab pod lGnobe too cao 3.00 il¢iA FEES Bo cote one baemheorecaseb 
aotobnoseedtos cad|San ety eb tok 2.00 ZOAG Tien |lcthckavetseankctstohenzan| [etal alerstotekoh char oh ate 
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TaBLE No. X 


THE RELATION OF THE AVERAGE NUMBER OF MILES TRAVELED PER DAY PER 
WAGON TO THE TIME OF DELIVERY PER DAY PER WAGON OF THE DIFFERENT 
DISTRIBUTORS OF THE THREE CITIES STUDIED. 


Lansing Kalamazoo Flint 


teweled Daltyery » |. “reacted, | aliery || (urrevelod’.- | oeuveuaeas 
1 ape Rar ea 7.50 14.75 7.50 14.00 3.00 
fates eat 5.0 14,75]. OE RRBLEO.|. .. 2 OTS) ee 
ee een ee 4.75 14.33 6.83 9.25 1.25 
WOnace oon 5.25 14.25 5.00 9.07 4.33 
etree Loe 5.75 12.75 6.25 8.00 3.30 
HOUR chute one oe 7.65 10.75 4.50 7.10 2.00 
ee eee es 4.00 10.50 5.00 6.81 4.69 
ee, Se ee pe Bees 6.44 9.75 5.00 6.58 3.75 
CA: Sean ne 5.0 9.75 5.00 4.50 2.25 
IOVOY Cm acn erase 4.5 9.68 BUT B A «6d ccd oo ce tion eee 
rf: Sn eT are 4.0 9.50 ROM Ane 
Re) I Ces Gy 3.50 9.50 BAGO hr sas ccd a aavae| bet ee 
TT Oe eae 3.50 9.25 BLO Wl osc ccd ses sauce con ae 
Rap ae rere Ae (ee eg A 9.25 anon fo, be Ree 
NER TES TA EAS REPORTER TONE 9.00 171.010 RIC Pines LO St 
PREIS Lnae Mey Pease 8.29 TUS RPE Mepham at 
Bea aa tins aay BtdcG aeons Naan 6.00 BIGONG)c.. c5 Pelee 
eno oc eee ee ot ee 3.00 FOGG. ce. 6 as oa 


EFFECT OF THE AMOUNT OF MILK DELIVERED ON THE EFFICIENCY 
OF RETAIL DELIVERY. 


It is generally supposed that the larger distributors are able to deliver 
milk more economically than the smaller distributors, mainly because of the 
opportunity to organize their territory better and thus shorten their routes 
and avoid duplication. This would then give more time to the driver who 
would be able to deliver more milk. 

Table No. XI was prepared to show how near true this was in actual prac- 
tice. In the table showing “Miles Traveled per Quart”’ we find that for the 
city of Flint the theoretical holds true. For Lansing the same is true with 
the exception of the 500 to 1,000 quart dealer. This variation is accounted 
for when we find that only 374 quarts retail milk is delivered. Kalamazoo 
shows a much greater irregularity than does either of the other two. Here 
we find the largest distributors traveling more miles per quart than any class 
of smaller distributors of the same city. There were many things to influence 
this, perhaps the most important being no workable city ordinance. Some 
others were: the location of one of the large distributors, credit system, plan 
of the city, rate of pay and method of payment of drivers. 

It would naturally be expected that there would be a direct relation be- 
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tween miles traveled and time of delivery of the different sized distributors 
which is partly true but in no place consistent. Here the personal element 
enters in a great deal. The small distributor who usually delivers his own 
milk does so much faster than the larger distributor who must hire his de- 
livery man. The writer found that smaller distributors with hired delivery 
men usually required extra work from the men after they returned from 
delivering. These men made but little effort to get in early because of extra 
work required of them by so doing. 


TaBLE No. XI 


MILES TRAVELED PER RETAIL QUART BY DIFFERENT SIZE DISTRIBUTORS. 


Less than 300} 300 to 400 400 to 500 | 500 to 1,000 | Over 1,000 
qts. ats. ats. qts. 


Distributors Selling qts. 
ULI Ga tiaras Sho vac: cycvidierevevey avchtots ONOSH9S jee eee 0.05926 0.03914 0.02514 
PsA ie fs Sen: Se siaite rote ora (ev enee A 0.05551 0.05035 0.04937 0.05491 0.04134 
Pea aaTeZOO SS. 7. bee Stet cle areas 0.05242 0.04378 Ree 0.04545 0.06315 
WAV GLAZE Oye lela yess avetaiiccesers teed 0.05684 0.04943 0.05095 0.04506 0.03469 


TIME IN HOURS TO DELIVER RETAIL QUART BY DIFFERENT SIZE DISTRIBUTORS. 


Distributors Selling rt i eee m0 Nate Sean lei Sp We ono 
152 Paani REALS GVOLZTE. aso er ee 0.02444 0.02107 0.01677 
Maunine watt. ae 0.02288 0.02439 0.02510 0.02005 0.02414 
Kalamazoo............. .....| 0.02366 GL02177 Wess: 0.02309 0.03167 

So ek aren a eae 0.02288 0.02234 0.025 0.02203 0.2075 


DEMANDS OF THE CONSUMER. 


Every purchaser of goods reserves to himself the privilege of making his 
purchases where he chooses. It is the privilege of the housewife to patronize 
any store or market according to her necessity, preference, or convenience. 

Successful business men and merchants know that they must supply the 
purchaser with the kinds of goods which he wants at the time which he 
wishes to purchase and in the quantity that he may need. In response to 
the popular wish every vendor of merchandise attempts to present his goods 
in terms of the demand. It is the effort of the milk distributor to meet the 
demands of milk consumers that occasions a large proportion of the popu- 
larly considered over-lapping in the distribution of milk. Since it is the 
nature of people to differ in their likes and dislikes it is not surprising for a 
consumer to demand a different product than his neighbor, and even indi- 
viduals in the same family cater to their own desires with different kinds of 
the same product. Since this exists and will always be with us, we can expect 
there will always be an effort made to meet these idiosyncrasies. This applies 
to milk distribution when we find seven different men delivering milk in one 
eleven-family flat or seven milkmen delivering milk in a block with twelve 
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families. It is not unusual to find a family that takes milk from two milk- 
men, the reason for this usually being that they want one kind of milk for 
their baby but prefer a different kind for themselves. 

The personal element plays an important part. We must consider the 
milk deliveryman the salesman for the company. Unlike other commodities 
where the deliveryman is a cheaper employee for the purpose of delivering 
the sales of higher priced men, the milkman should be a high class salesman 
who represents his employer. He must be able to give the necessary service 
and account daily for all difficulties directly to the customer. This personal 
contact often is the cause of dissatisfaction to the customer who finds a 
more congenial milkman to deal with, thus calling an extra distributor to that 
street. 

The policies of the distributor, such as requiring cash or tickets, return of 
bottles, number of deliveries a day, delivering milk to front doorstep only, 
early or late delivery, and washed bottles often cause consumers to change 
milkmen. 

There are also some things which cause demand for extra distribution 
which are unavoidable. Misunderstandings between consumer and dealer 
or his employee are bound to occur even under the best of conditions. 
Stolen milk, tickets, or money set on the doorstep are often a cause of trouble, 
frequently resulting in a change of milkmen. Relatives or friends starting 
routes in the vicinity usually results in a change. Absorbed flavors getting 
into the milk unknown to the dealer, breaking down of the plant machinery, 
and many other reasons that unavoidably occur cause a demand from the 
consumer for new service with the result of added duplication. Without an 
opportunity for the consumer to change when these things occur a great, 
amount of dissatisfaction is liable to result. 

Because of the fact that milk demands a great amount of work to get it to 
the customer in a safe desirable form and one of the main requirements of 
this service is frequent delivery, the milkman is constantly before the eyes 
of the public. There is no other commodity on the market with so great a 
demand for or requiring so great an amount of service. This one fact alone 
should place milk distribution in a position of encouragement rather than of 
constant antagonism. 

The fact that the milkman is so closely associated with the consumer 365 
days of the year gives the consumer a more intimate knowledge of milk de- 
livery than of the delivery of any other commodity. It is possible for this 
reason that milk delivery, more than that of any other article, is unjustly 
criticised. When compared with other articles we find that there is no logical 
reason to criticise milk distribution more than the distribution of any other 
food. 


COMPARISON OF THE DELIVERY OF MILK AND BAKED GOODS, 


Milk is only one of the commodities delivered to the household and stores 
of the city. If we compare the service necessary to transport our other 
food products from the storehouse to the household we shall find that milk 
and bread are quite comparable in their service requirements. 

In baked goods we have an article which must be placed in the hands of 
the consumer in a fresh condition which requires a daily delivery. Equip- 
ment provided for delivery both wholesale and retail is similar. Method of 
payment of driver is much the same. In general milk requires all the service 
rendered for the distribution of baked goods and more. 
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Some things required of milk distribution not required for baked goods are 
as follows: icing the load, early delivery of retail, heavier loads and heavier 
work, milk left in stores must be iced, return of bottles and cases, breakage of 
bottles, greater load of containers, equipment, and Sunday delivery. 

_ From Table No. XII we see that it required about 31 per cent more wagons 

to distribute approximately the same number of units of milk than it did for a 
similar number units of baked goods, a unit of milk being equivalent to a 
quart of milk in value or size. For example, a quart of skimmilk or butter- 
milk was considered a quart unit, likewise was one-half pint of coffee cream 
or one-fourth pint of whipping cream. Units of baked goods corresponded 
very closely to those of milk when the study was started, with a wholesale 
loaf of bread the same price as a quart of milk, thus making the units com- 
parable. However, soon after the study was started there was a general 
slackening in the enforcement of war regulations so that the size of a loaf of 
bread as well as the price was a variable proposition. To overcome this dif-, 
ficulty the total value of the load of baked goods was divided by the price of 
a quart unit of milk to get the number of units of baked goods so that they 
might become comparable. 

This difference in the number of wagons is not so great when we consider 
that baked goods is almost entirely wholesale distribution whiie milk 
is about one-half wholesale and one-half retail. A short time previous 
to our study at Kalamazoo, retail delivery of baked goods was practised. 
There were at that time forty bakery wagons in the city delivering baked 
goods from door to door much the same as milk is delivered. This was the 
same number of wagons as was used by the milk distributors of the city at the 
time the study was made. The eliminating of retail delivery of baked goods 
took away the consumers service of delivery and put it in the hands of the 
erocer, at the same cost to the consumer. To put milk on the same system 
many difficulties are encountered that are not met with in the distribution of 
baked goods. Milk is a more perishable article and should be used the day 
it is delivered, thus making daily delivery a necessity. There is greater cost 
to the storekeeper in handling milk through the stores because of extra cost 
of refrigeration, lost bottles, soured milk, etc. The extra cost of handling 
milk through the stores is sufficient to pay for the extra service of delivery 
necessary to place the milk daily on the doorstep of the consumer and thus 
avoid all the necessary labor, duplication of labor, and inconvenience re- 
quired for each separate individual to fetch his own milk from store to home. 
As shown by Table XIV the extra cost through the stores would be sufficient 
to pay for the extra number of wagons and service required for retail delivery. 
Comparing Tables XII and XIV shows that if all of the cities’ milk was de- 
livered wholesale the minimum number of wagons (Table XIV) required 
would be much less than is actually required to deliver baked goods. These 
figures were obtained by dividing the average number of quart units sold per 
wagon from wagons carrying wholesale milk only into the total number of 
quart units for the whole city. The average number of quart units per 
wagon wholesale being taken from Table No. XV. 
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TaBLE No. XII 
COMPARISON OF THE SERVICE OF DELIVERY RENDERED FOR BAKED GOODS 
AND MILK. 
Lansing Kalamazoo Flint 
Bakery Milk Bakery | Milk enue Milk 
Number of Vehicles.................-- 21 31 27 40 45 63 
Number of Units Sold................. 12,989 12,773 13,087 13,481 38, 654 29,510 
Cost of Delivery Man per Unit......... $0 .00705 $0.0112 $0 .0078 $0.01178 $0 .00722 $0.0113 
Number of Miles Traveled per Unit..... -02245 .029 .0254 .0319 .01687 .01712 
Per cent of Duplication of Delivery.... . 57.9 73.27 78.5 76.81 81.2 65.75 


In order that the delivery of the two classes of goods could be more easily 
compared, wagons which used the same system of delivery were selected and 
compared in Table No. XIII. This table shows that while there is a larger 
load carried there are also more miles traveled. This comparison is made 
on wholesale wagons only. 


TABLE No. XIII 


COMPARISON OF WHOLESALE BAKERY AND MILK WAGONS OF SAME TYPE AND 
SAME SYSTEM OF DELIVERY IN FLINT, LANSING AND KALAMAZOO. 


Flint Kalamazoo Lansing 
Re: Bakery Milk Bakery Milk Bakery Milk 
Number of Vehicles................--- 17 10 9 6 17 3 
Average Number of Units Sold per Load 1,197.5 940 888 783 700 952 
Average Number of Miles Traveled... .. 12.99 8.09 13.97 10.47 15.85 12.42 
Miles Traveled per Unit............... .0108 .0086 0157 0134 0226 0130 
HI MGIEN Gace eich ereereinnitee cee =< stents 100% 120% 100% 114% 100% 142% 
Btopsperslinits.4, .sechicwesieaee os. cine .0332 | .03375 09437 .0157 .0183 0541 


WHOLESALE VS. RETAIL MILK DELIVERY. 


There has been a great deal of discussion in regard to the advantage of all 
wholesale milk delivery over all retail, or wholesale and retail delivery com- 
bined. The preceding statements in regard to wholesale delivery give in a 
general way some of the problems encountered. From Table No. XIV it is 
evident that for milk to be handled through the stores results in an extra cost 
in the form of commission to those who dispense it retail. It also adds 
another dealer through whose hands the milk must pass before it reaches the 
consumer, the biggest problem in marketing today being the elimination of 
as many middlemen as prevent economy. 


—_ es Se ee ee eee ee eee ee 
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TaBLE No. XIV 


COST TO THE CONSUMER TO HAVE ALL HIS MILK HANDLED WHOLESALE 
THROUGH STORES AND MILK STATIONS. 


Number of | Number of | C i Deer i 
umber 0: umber 0 ‘ommission etai 
Bauer at Wholesale Retail to Dealers Wagons 
City Soldin Wagons to | Wagons to 2c Quart 2c Com- 
Cit Deliver Deliver Handling mission 
y all Milk all Milk Milk Would 
Hire 
BREE EASE ey ahs vat Stee taausel ala vol che iat Blisters 29,510 | 44 87 $590.19 89 
MMe oN 3st dav eae 12,773 | 13 | 38 $255.40 48 
GAIAM AZOOE Se eos said ces 13,481 | 14 38 $257 . 22 45 


For storekeepers to handle milk is more or less of an accommodation. 
Their commission as allowed by milk distributors who compete in the retail 
business is too small compared with other goods to actually pay. With 
stores and shops handling all the milk a 30 per cent commission charge 
could be expected from the stores. Even with the present two cent com- 
mission to the stores, which was the general charge at the time this study 
was made, we find from Table No. XIV that Flint stores handling all of the 
milk would receive enough commission to support 89 retail wagons. These 
wagons, with the number already in use distributing the milk wholesale, 
would make 133 in all, which is 46 more than would be the minimum re- 
quirement to distribute all of the milk retail. For these 183 wagons to dis- 
tribute all of Flint’s milk would require an average load of 222 quart units 
which according to Table No. XV is 30.5 quart units less than the average 
retail load now delivered. A greater difference than 30.5 quart units will 
be observed, if the amount of wholesale milk usually carried on retail wagons 
to make up a load, is added. 

Figuring the same way for Lansing, we find that 61 wagons retail could be 
employed for the same price. These are 23 wagons more than was the min- 
imum requirement to distribute all of Lansing’s milk retail. For 61 wagons 
to distribute the milk would require an average load of 209 quart units which 
are 40 quart units less than the average retail load now delivered. Besides 
this most of Lansing’s retail wagons carry wholesale milk to account for a 
load. 

For Kalamazoo, 59 wagons could be employed for the same price as would 
be charged the consumer for wholesale delivery, which are 21 wagons more 
than the minimum requirement necessary to distribute all of Kalamazoo’s 
milk retail. Fifty-nine wagons would average 228.5 quart units per load 
to distribute all of Kalamazoo’s milk retail. These are 58.5 quart units 
less than the average retail load now delivered. Kalamazoo, like Lansing 
and Flint, carries wholesale milk on retail wagons. 

Considering the amount of wholesale milk carried on retail wagons for 
all three cities, it appears that a system of exclusively wholesale delivery 
of all the cities’ milk would cost the consumer as much as a liberal retail 
distributing system, while a half wholesale and half retail system, such as 
is now employed, results in an even greater service and saving to the con- 
sumer. 
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TaBLeE No. XV. 


SHOWING THE EXTREMES OF SERVICE RENDERED FOR MILK DELIVERY IN FLINT, 
LANSING AND KALAMAZOO. 


Flint Lansing Kalamazoo 
Retail Deliveries Only Riecoiae ME eG 
axi- ini axi- ini- . ini- 
iriiey (ae aii al BCESeCA tence mum | Average Maximum mum | Average 
Number of Retail Customers per 

Wagon....... teh afaveoayaJaliaicTe ew 570 33 217.84 |554 Hi 268 .65 432 51 204.4 
Number of Stops per Wagon..... 534 33 205.16 /538 | 50 248 34 429 51 201.7 
Number of Bottles Sold per Wagon| 615 34 271.77 |656.4 | 79 372.00 385 62 |336 an 
Number of Bottles Delivered per i 

Retail Stopo:ss es eee ccc 3.415 .903 1.324 1.78 1.29 1.5424 2.016 49 1.114 
Retail Quarts Sold per Wagon....} 565 28.5 |252.5 |430 | 55 248 .96 514 62 287.0 
Retail Quarts Sold per Hour per 

Wagon cis nekh ccs toate ee oes 121.4 | 14.25 | 57.76 | 65 14.8 42.11 79.33 13.273] 33.29 
Retail Quarts Sold per Mile per 

\WEEGT AS SSC Ap Rtg tH Ston 22 94.166) 4.014 | 34.972 | 37.6 12.16 21.43 50.11 7.522) 19.01 
Retail Quarts Sold per Stop per 4 

WikeOnticrt: cai somonsoeee eee 2.506} .77 1.230 | 1.48 8428 1.0023 1.831 331 928 
Miles Traveled per Retail Load..| 14.00 | 3.9 7.22 | 20.5 | 6.0 11.6 15.25 3.0 9.84 
Miles Traveled per Retail Quart.. 249 .0106 .0286 .1173 0268 .04665 .079 .0132 0371 
Miles Traveled per Stop Retail... .31l 0139] .0352 -0129. = .0239 .04676 . 1423 .016 .0489 
Miles of Self Duplication Retail ; 

Mead eta Taha, See ee ee 3.65 50 1.94 4.0 35 1.355 5.00 85 2.04 
Per Cent of Self Duplication Re- 

tail Monde Sue ee eae bee 53.7 4.44 26.85 19.5 5.00 11.60 40.00 6.77 | 19.16 
Time to Deliver Retail Load.... . 9.0 1.25 4.371 | 10.5 2.00 5.91 7.5 2.00} 4.81 
Time to Deliver Retail Quart— 

Minutes sof: eaeee. ante ee 4.206 492 1.038 4.156 .888 1.5372 3.9 75 1.55 
Value of Retail Load............ 87.35 4.44 38.61 49.56 7.42 28 .64 59.04 7.44 | 28.33 
Deliveryman’s Rate of Pay....... 8.66 | 1.88 5.09 5.15 3.75 4.44 5.50 3.15 | 3.94 

Wholesale 


Quarts Sold per Wholesale Wagon.|1576.5 | 36.0 |667.34 |1550.85 |247.5 {1003.28 1118.5 |655.5 {951.6 
Bottles Delivered per Wholesale 


Wagon. fate 4 ee oe 1808 .0 35.0 573.47 |1640.47 |331.00 966 946 597.5 797.0 
Miles Traveled per Wholesale 

LEC Ones Gt sss Sam eee 21.5 2.5 9 16 21.00 6.5 13.76 18.75 8.0 12.42 
Time to Deliver a Wholesale 

Woad-—Houtrs-ts5 220. cet sania es 6.0 at) 3.21 11.0 2:5 7.20 9.0 8.0 _ 8.50 


eS eee ae a | Sees pee teal Ee 
Value of Wholesale Load........ 223.39 | 5.11 | 89.84 Rect | 29.70 97.36 132.19 | 84.54 |112.06 


———__— 
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CONCLUSIONS. 


1. The presence of two or more milk wagons on a street is not proof of 
waste in milk delivery. 


2. Duplication of delivery tends to show the amount of service rendered. 
3. Size of load shows efficiency of delivery. 


4. The ability of the driver and his equipment determine to a large extent 
the size of a load. ; 


5. The demand of the consumer is the greatest cause of over-distribution 
or duplication of routes. 


6. Exclusive wholesale delivery or milk stations are not a remedy for the 
ailments of our present milk delivery system. 


7. Milk is but one commodity of a city’s food supply subject to extra 
distribution through demands of the consumer. 


ACKNOWLEDGMENTS. 


Due credit should be given to Professor A. C. Anderson, former head of 
the Dairy Department, under whose direction this work was started, and for 
his advice and assistance through the entire preparation of this bulletin. 

The writer also wishes to express his appreciation to the distributors of 
milk and baked goods in the cities studied. Their co-operation was indis- 
pensable in obtaining information and statistics presented herein. 


AN EXPERIMENT IN IMPROVING THE MILK SUPPLY 
OF A CITY MILK PLANT. 


(Special Bulletin No. 112) 


L. H. COOLEDGE AND O. T. GOODWIN 


There has been a strong demand among the milk distributors and 
dairy manufacturers of the State for a better method of determining the 
keeping quality of milk, both for city distribution and in the manufac- 
ture of dairy products. Investigations of this problem carried on in the 
Bacteriological Section of this Station have resulted in the development 
of the pH method by Cooledge and Wyant in 1919. This method measures 
the activity of certain bacterial types, of importance in the souring of 
milk, rather than attempting to determine the number of bacteria present. 
It is being found of value in the improvement of city milk supplies. The 
following contest was conducted to judge its use in actually improving 
the city milk supply of East Lansing, Michigan. 

Milk contests have been originated in attempts to improve the milk 
supply of various cities and of city milk plants. These have been based 
largely upon the results of inspections of dairy farms and milk scoring, 
by means of the score card. Without doubt these contests have accom- 
plished a great deal in the way of educating the dairy farmer as to 
proper methods. 

Not being satisfied with the above basis for conducting a milk contest, 
the authors have selected the pH method, origindted by Cooledge and _ 
Wyant of this Station (1), as being well suited for judging the condition 
of milk as it arrives at the plant. The pH method attempts to measure 
the activity of the important acid-producing bacterial groups in the 
sample rather than to determine the number of bacteria present and this, 
therefore, checks with the actual keeping quality of the milk, a thing 
which other methods fail to do. 

The simplicity and the low cost, together with the fact that results 
obtained by this method may be reported to the farmer in terms of hours 
required for samples to sour, rather than as a term or factor which is 
meaningless to the uninitiated are other reasons why we favor this 
method. 


EXPERIMENTAL MILK CONTEST. 


The time selected for the contest was spring, when the milk usually 
arrives at the plant in the poorest condition, due, no doubt, to the fact 
that the farmers are in the habit of depending too much upon the cold 
weather of winter to cool the milk. 

To stimulate interest in the contest, ten prizes, consisting of five and 
ten pound cheeses, were divided into two classes as follows: 
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Class A. Under this class 5 prizes were awarded to farmers 
delivering milk having the highest average pH score 
during the contest. 


Class B. Under this class 5 prizes were awarded to farmers 
delivering milk showing the greatest improvement 
during the contest. 


Under Class A it was expected to award prizes to those who were de- 
livering a superior grade of milk. Class B was designed to stimulate the 
interest of patrons whose milk made the poorest showing during the 
preliminary period. 


THE CONTEST WAS DIVIDED INTO TWO PERIODS. 


Preliminary period. During this time the samples were taken, in so far 
as possible, without the knowledge of the farmers. This period lasted 
four weeks and represented the, condition of the milk as it was delivered 
before the patrons had knowledge of the contest. It was used as a basis 
for judging improvement during the contest. 

Contest proper. Immediately after the preliminary period, the patrons 
were notified of the contest, told of their average score during the pre- 
liminary period and advised as to methods which, if put into practice, 
might be expected to bring about improvement in the supply. Letters of 
encouragement and advice were sent to patrons once a week during the 
contest. These letters told the patrons his average score for the week, and 
the average score of all the patrons. One week elapsed between the close 


of the preliminary period and the contest proper. 


EXAMINATION OF SAMPLES. 


The samples taken during the preliminary period and during the contest 
proper were examined (1) by the pH method, (2) the bacteriological 
count, (3) the Weinzirl spore test, and (4) for temperature. Experi- 
mental cheeses were also made from the milk delivered in this contest. 


(1) THe PH METHOD AND ITS DETERMINATION. 


Preparation of Media. The only medium necessary for this work is 
bouillon cube broth recommended by Wyant (4) containing the indicator. 
Dibromthymol sulphonephthalein (Brom-thymol blue). This is made as 
follows One bouillon cube, 1 percent Witte’s or other peptone, and 0.5 
percent salt are added to each liter of water, this is boiled several minutes 
and then filtered. 80 ec. of a 0.04 of one percent aqueous solution of brom- 
thymol blue is then added for each liter of broth. The broth is then 
cooled to 20°C. and the color adjusted to compare with tube 6.8 of the 
standards which are mentioned later. A compensating blank, broth with- 
out indicator, must be placed in front of the standard and the readings 
must be made at room temperature. 

The broth is then placed in 100 or 200 ce. flasks, sterilized, and stored. 
When needed 10cc. of the broth indicator solution is transferred to a 
2.8 x 16 cm. sterile test tube with a 10 cc. sterile pipette and compared 
with standard tube pH 7.0 in the comparator. A few drops of N/1 NaOH 
or HCl are then added to the flask of indicator solution if needed to 
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make the color of the broth solution compare with tube pH 7.0. Broth 
without indicator must be used as a compensating blank, in front of the 
standard tube. The broth is now ready to use and is transferred in 10 ce. 
portions to a 2.8 x 16 cm. test tubes using a sterile 10 cc. pipette. 

Preparation of samples. It is desired to add 0.1 cc. of milk to each 
tube of brom-thymol blue broth. To reduce the error due to measuring 
direct as small an amount of milk as 0.1 ec., sterile 9 cc. water blanks in 
test tubes are prepared and 1 cc. of the milk to be tested added to these. 
After thoroughly mixing 1 cc. of each diluted sample is transferred to a 
tube of the broth. 

Incubation. After the 0.1 ec. portions of milk have been added to the 
tubes containing brom-thymol blue broth they are placed in a water 
bath or incubator at a temperature of 100°F. Hourly observations are 
made to detect the first change in color of the indicator due to the devel- 
opment of acidity resulting from the activity of the bacteria and enzymes 
present. As soon as pronounced changes are noticed, hourly readings 
are made by placing the tubes containing milk broth indicator in the com- 
parator ‘and comparing with the standard tubes as mentioned below. The 
samples must be placed in a water bath and cooled to 20°C. before read- 
ings are made. Readings should be made at a constant temperature as 
otherwise they vary somewhat. 

Standards, The standards are the buffer solutions described by Clark 
and Lubs (5). Ten ce. portions are placed in the 2.8 x 16 cm. test tubes 
with the same amount of indicator, that was placed in each 10 ce. of the 
broth solution and sealed. . In this way the standards will keep for a 
considerable period. The standards with the following readings are used 
in this work, pH 7.4, 7.2, 7.0, 6.8, 6.6, 6.4, 6.2, 6.0, and 5.8. These stand- 
ards may be prepared in any chemical laboratory, or, if one has not the 
facilities for making, may be obtained from Hynson, Wescott and Dun- 
ning of Baltimore at a reasonable price. A suitable comparator accom- 
panies the standards furnished by the above company. If a large number 
of samples are to be examined the special comparator designel by Cool- 
edge (6) and made by the Central Scientific Company is desirable. 


For convenience, samples of milk are given a score depending upon the 
pH reading as follows. 


1 hour reading © pH 5.8 score 20 
2 hour reading pH 5.8 score 25 
» hour reading pH 5.8 score 30 
4 hour reading pH 5.8 score 35 
5 hour reading pH 5.8 score 40 
6 hour reading pH 5.8 ° score 45 
7 hour reading pH 5.8 score 50 
8 hour reading pH 5.8 score 55 
8 hour reading pHi 5.9 score 60 
8 hour reading pH 6.0 score 65 
8 hour reading pH 6.1 score 70 
8 hour reading pH 6.2 score 75 
8 hour reading pH 6.3 score 80 
8 hour reading pH 6.4 score 85 
8 hour reading pH 6.5 score 90 
8 hour reading pH 6.6 score 95 


8 hour reading pH 6.7 score 100 


i 


—--- 
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(2) Bacteriological count: One ce. of milk was taken from each 
sample and the count of the composite sample, so obtained, made by 
plating, using the standard methods for bacteriological examination of 
milk (2). 

(3) Weinzirl Spore Test: The Weinzirl spore test (3) for manurial 
pollution was made once a week upon each sample during both the pre- 
liminary period and the contest proper. 

(4) Temperature: The mean atmospheric temperature from 6:00 p. 
m. until 10:00 a. m., the period during which the milk was in the hands 
of the farmer, was obtained through the local weather bureau. 


EXPERIMENTAL CHEESE. 


Cheese was made from milk coming from farms producing low score 
milk to compare with cheese made from milk coming from farm producing 
high score milk. 


PH SCORES FOR PRELIMINARY PERIOD. 


The pH scores of the samples of milk delivered during the preliminary 
period have been tabulated in Table 1. This represents the condition of 
the milk as it arrived at the plant during the month of March. Few of 
the patrons were cooling the milk during this period and the high average 
pH score of 73 was possible because of the moderate temperature during 
the-day and the cool nights. The average mean temperature for the period 
during which milk was held at the farm was 31°F. 


FARM INSPECTION. 


A visit to the farms after the completion of this period revealed some 
rather surprising conditions. The farm producing milk having the high- 
est average keeping quality was the farm from which the least might be 
expected if judgment were based upon the conditions under which the 
milk was produced. The stable was dirty, poorly drained and poorly 
lighted. The barn yard was such that cattle moving about must become 
fouled with manure and mud. The redeeming features were a milk house 
and ia very careful milker. The milk showed manurial pollution in but 
two of ten tests made. Another instance, illustrating the opposite ex- 
treme, was a farm having excellent equipment for producing a good 
erade of milk but actually producing a milk with very poor keeping 
quality. While this man had an excellent stable and everything indicated 
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TABLE NO. 1.—pH SCORES OF MILK DELIVERED AT CITY MILK PLANT 
DURING PRELIMINARY PERIOD. 


Ist week. 2nd week. ord week. 4th week. 

am — || Aver - 

No. g 

3-7-21 | 3-10-21 | 3-16-21 | 3-18-21 | 3-22-21 | 3-23-21 | 3-29-21] 4-1-21 

2 55 50 55 55 85 50 50 55 56.9 
8 95 90 50 80 55 80 90 55 74.4 
10 100 100 100 95 100 95 100 100 98.8 
12 75 80 55 55 90 75 80 75 73.1 
14 40 45 40 50 45 40 55 55 46.3 
16 90 85 70 100 100 100 90 95 91.3 
18 90 90 55 50 45 50 100 95 71.9 
20 85 100 50 55 90 80 res 75 76.3 
22 95 80 50 50 45 55 100 95 71.3 
24 40 40 45 45 45 45 80 70 51.2 
26 95 55 90 85 95 90 90 100 87.5 
30 85 75 55 85 85 85 95 95 82.5 
32 90 85 100 100 100 90 100 100 95.6 
34 40 65 85 85 100 70 50 50 68.1 
38 85 85 45 55 45 40 80 100 66.9 
40 50 85 75 50 55 95 95 95 71.3 
42 50 70 45 85 100 95 90 65 75.0 
46 50 45 35 | 40 30 40 65 65 46.3 
43 | 65 75 80 60 | 100 80 80 85s, \ reel 
72 55 75 45 50 90 50 85 100 69.4 
100 50 65 50 90 90 90 90 95 77.5 
102 45 90 40 90 75 55 95 100 73.7 
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TABLE 2.—pH SCORES OF MILK DELIVERED AT CITY MILK PLANT DURING 


Pa- 


tron |— 


No. 


102 


CONTEST PROPER. 


Ist Week. | 2d Week. | 3d Week. | 4th Week. | 5th Week. | 6th Week. 

Average. 
4-7 | 4-8 | 4-13] 4-15 | 4-18 | 4-20 | 4-26 | 4-29) 5-4 | 5-6 | 5-9 | 5-12 
50 50 bays 70 80 55 45 3D S0 55 59 65 61.0 
160 85 95 £0 | 100 0 55 CO SO SO 95 90 81.0 
51) 50 | 100 | 100 | 160 90 45 55 95 §5 95 90 80.0 
Bante 400 | rs weOOr LOO) Son So" P 95° P TO08ho Zour eGocr “eo 80.0 
50 75 95 65 SO oO DO 75 95 85 95 CO 80.0 
SO 100 SO a) 85 SO SO 65 10) 85 90 75 83.0 
50. 55 SO 95 20 95 95 SO 55 95 95 | 100 84.0 
95 55 | 100 95 90 SO 50 0 0 SC 90 85 85.0 
50 | 100 95 80 | 100 | 100 40 55 SO 10) 65 55 CHD) 
55 55 50 45 50 50 50 55. | “60 55 55 55 52.5 
95 95 95 95 CO CO 55 85 cO °0 90 90 88.0 
95 75 | 100 95 90 95 CO CO C0 95 CO 90 S10 
EO 1333) 95 90 95 90 50 55 95 80 60 95 76.0 
LOOT Sa. le DO be ODL en) «An.\ aA jae COs OO bo" bn SOe bh 55 65.0 
75 55 | 100 c0 80 Do 85 |- 100 £0 95 95 SO 84.0 
Dobie 40 OO.- | HOR hOOs | veoel iso ie Koulre On be: <odaen 90a SO 76.0 
POO) weSO, a opwl San) SO | b5. ean aou | SO: 14 90" |" 390 80.0 
55 45 55 50 45 45 55 50 95 55 90 90, 61.0 
SOF od) Go) n9o NSO OO 60s) 651.“ Gbo SO: |. 90 No 95 82.0 
100 | 95] $0] 90/100 | 80} 50) 80; 95) 90} 951] 70 88.0 
6551655). 95 fe SO 100.) Sal eo.) Gist. 9b.) S0e he On, (85 81.0 
55 | 85] 90] 100} 100) 95} 65) 85} 95]; 90} 90; 90 87.0 
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that milk produced would be of the best, the milk showed manurial pol- 
lution each of the sixteen times that it was tested. 

We do not cite these cases to prove that good surroundings are not de- 
sirable for the production of clean milk, but as instances, illustrating the 
often observed fact, that a careless dairy man will produce poor milk 
under the best of surroundings and that the exceptional dairyman may 
produce clean milk under the poorest of conditions. We believe, how- 
ever, and our observations during the contest confirm the belief, that for 
the average dairyman, the better surroundings the better the milk 
produced. 


MILK SCORES DURING THE CONTEST. 


The pH scores of the samples of milk delivered during the contest 
proper are tabulated as Table II. These represent the condition of the 
milk as it arrived at the plant during the months of April and part of 
May. During this time the farmers knew that the contest was in prog- 
ress, and were receiving weekly letters telling of the contest results and 
advising them as to methods which might be expected to improve the 
supply. The average pH score during this period was 78. This is an 
average improvement of 5 in spite of the fact that the average mean 
temperature was 22° F. warmer during this period than during the 
preliminary period. 

The effect of the temperature upon the average pH score during the 
preliminary period and during the contest proper is shown in Chart 
No. 1. 


DISCUSSION OF CHART NO. 1. 


It will be noted that during the preliminary period a very close rela- 
tion existed between the atmospheric temperature and the pH score. 
Later on in the preliminary period the pH score improved slightly as com- 
pared with the temperature. This no doubt was due to the fact that 
when some of the farmers saw samples of their milk taken they became 
suspicious of something unusual and as a consequence produced the milk 
with more than the usual care. 

The fact that the line, representing the average pH score of the samples 
of milk, checks so well with the temperature during this period, is a good 
indicator of the value of this method. A line, representing the bacterio- 
logical count when charted in a similar manner, fluctuates from the top 
of the chart to the bottom showing a very slight tendency to check with 
the temperature curve. As the temperature is the only important variable 
during this period, an efficient method should show a close relation to it. 

During the contest proper the curve representing the pH score shows 
a great improvement in relation to the atmospheric temperature curve. 
As interest in the contest grew the pH score improved even as the tem- 
perature became warmer. The average pH score during the contest repre- 
sented an average improvement over the preliminary period of 5, although 
the average mean temperature was 22°F. higher. A comparison of results 
obtained last year with Chart I indicates that the average pH score 
this period would have been between 45 and 50 if the contest had not been 
during this period would have been between 45 and 50 if the contest had 
not been in progress. Last year, at a corresponding time, several cans 
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pH Score Temp. 
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Chart llo. 1 Showing relation of Average pH Soore and Témperature. 
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of milk were returned to the farmers because they were sour on arrival 
at the plant. 

CLASSES AND PRIZES AWARDED. 


Prizes were awarded under Class A to patrons delivering milk having 
the highest average pH scores during the contest as follows: 


Class A. 
ist prize Patron 30 Average pH score 91 
2nd prize Patron 26 Average pH score 88 
ord prize Patron 172 Average pli score 88 
Ath prize Patron 102 Average pH score 87 
5th prize Patron 20 Average pH score 85 


Prizes were awarded for the greatest improvement under Class B as 
follows: 
Class B. 
Ist prize Patron 14 Improvement in pH score 34 
2nd prize Patron 38 Improvement in pH score 19 
3rd prize Patron 12 Improvement in pH score 17 
4th prize Patron 46 Improvement in pH score 15 
5th prize Patron 18 Improvement in pH score 12 


No patron was awarded a prize in both Class A and Class B. 


RESULTS OF THE BACTERIOLOGICAL COUNT 


To determine the effect of the contest upon the bacteriological count 
a one cubie centimeter portion of milk was taken from a representative 
sample of each patron’s milk and the whole mixed and plated. The result 
is compared with the average pH score each day of the test in Table III. 

The bacteriological counts of composite samples of milk made each day 
of the preliminary period and contest proper indicate a still greater im- 
provement in the milk supply than does the pH score. The average count 
during the preliminary period was 3,800,000 bacteria per cubic centimeter 
as compared with an average count of 926,000 during the contest proper. 


RESULTS OF THE WEINZIRL SPORE TEST. 


In order to obtain data upon the value of the anaerobic spore test for 
manurial pollution a weekly test was made of milk from each patron ac- 
cording to the method described by Weinzirl (8). The results of these 
tests are tabulated in Table IV. The samples marked + had typical 
stormy fermentations in at least two tubes at the end of three days 
incubation which is to be considered as positive, for manurial pollution. 
Phe remaining samples had not more than one tube out of five showing 
the typical stormy fermentation and indicate negative manurial pollution. 


RELATION BETWEEN PH SCORE AND MANUAL POLLUTION. 


That there is some connection between the average pH score and the 
average manurial pollution is indicated by the following facts. 

Preliminary period. Of the seven milks showing the least manurial 
pollution all but two were in very good condition with an average pH 
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TABLE 3.—COMPARISON OF BACTERIOLOGICAL COUNT AND AVERAGE pH 
SCORE. 


Ss 


Date. Bact. per c. ¢. Average pH score. 


(Preliminary Period) 


3 7-21 1,500,000 69.3 
3510S nee” 11,000, 000 74.0 
3-16-21 7,500,000 59.8 
3-18-21 3,000, 000 68.8 
3-22-21 5,000, 000 ! 75.7 
3-23-21 2,500,000 69.0 
3-29-21 200, 000 83.4 
4— 1-21 300,000 82.7 


(Contest Proper) 


Pe a 1,700, 000 Tet 
yaar a) | 6,000,000 66.8 
4-13-21 300, 000 84.5 
4-15-21 500, 000 79.8 
4-18-21 500, 000 87.0 
4-20-21 500, 000 80.4 
4-26-21 1,500,000 60.7 
4-29-21 200, 000 74.8 
5431 50, 000 87.2 
5 6221 100,000 82.2 
5- 9-21 70,000 85.9. 


io) 
Or 


5-12-21 200, 000 82. 
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TABLE 4.—-MANURIAL POLLUTION AS INDICATED BY THE WEINZIRL 
ANAEROBIC SPORE TEST. 


Preliminary Period. Contest Proper. 


Patron No. Weeks. Weeks. 


Ist. 2d. 3d. | 4th. | Ist. 2d. dd. | 4th. | Sth. | 6th. 


2 Al a5 a9 tr sg ir a a a5 ly 

8 a a5 = le 73 = = a ai = 
10 =e = = = = = = a ae — 
| DAR Se pacdas ba5 fu + + > “+ + 4 oh 2 ae as 
WAY eter ape eee 5 a + — ~ a a = a = 
16%. tr w Pe a a a = y a z 
18 ac iF +. a ip at ae otc is = 
20.. ae = = oF at tig = = re = 
22.. = at + = sits 7E + i oF = 
24. +/+} 4 ]4]+4f}+)+4i]+if4+i]- 
26 ata a = a a oF = = at a 
30 = 6 = ™ ss ze ze et ie a 
32. + — a — = = = = aes Ae 
34 a a8 tS a ate ‘if a 43 or oh 
38. ig <3 = = si tr a te a = 
eal Sonia apy Ao 3 = = + + + + =e + as + 
AD Ne siccaye ache aie =e ef + oF + + ae is a3 
AG 0%: _ — — — _ = =: =o = as 
aS = ~ — — — — = = = = = 
72 fi + = ot a ot + ¥i Fi ote 
100 eal ac al cea o> |) St eee ea 
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score of about 75. Of the seven milks showing most manurial pollution 
all had average pH scores under 76 for the period of the test. 

Contest proper. The four milks showing manuarial pollution each 
week of the contest had an average pH score of 75. The four milks show- 
ing no manurial pollution during the contest had average pH score of 83. 

The table also shows that some of the patrons produced polluted milk 
but owing to quick cooling the pH score as it reached the milk plant was 
quite satisfactory. On the other hand some of the samples showing little 
manurial pollution were not properly cooled and arrived at*the plant in 
poor condition insofar as their keeping quality was concerned. 

The results obtained indicate that the Weinzirl test may be of value 
when used with the pH test for keeping quality. The Weinzirl test is de- 
signed to tell something about the care exercised at the stables and the 
pH test indicates the care in handling the milk until the time of sampling. 


CHEESE MAKING AND THE PH SCORE. 


To see in what way the suitability of milk for cheese making was affected 
by its keeping quality as determined by its pH score experimental cheeses 
were made as follows: 

Cheese No. 1 made from milk having an average pH score of 96.2 had 
a quality score of 94. 


Fig 1.—Cheese No. 1, Milk scoring 96.2 pH method. Cheese scored 94. 


Cheese No. 2 made from milk having an average pH score of 66.6 had 
a quality score of 88. 

Cheese No. 1 had a closer texture with fewer gas holes and had a cleaner 
flavor. 
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The fact that the cheese made from milk having a low pH score was 
less satisfactory than the cheese from high scoring milk is probably not 
due to the greater activity of the acid organisms present, but rather due 
to the fact that the high scoring milk was carefully produced while the 
low scoring milk was produced in such a careless way as to permit the 
entrance of the gas producing organisms so unwelcome to the cheese 
maker. 


Fig 2.--Cheese No. 2, Milk scoring 66.6 pH method. Cheese seored 88. 


SUM MARY. 


The pH score proved a very satisfactory basis for judging a milk con- 
test. 

The contest was a success in that nearly every producer made a suc- 
cessful attempt to improve the keeping quality of milk delivered in spite 
of warmer weather. 

The Weinzirl anaerobic spore test promises to be of value when used in 
connection with the pH method. 

Milk delivered with a low pH score made less satisfactory cheese than 
milk having a high pH score. 

Before the patrons knew of the contest there was a close relation be- 
tween the average pH score and the mean atmospheric temperature at 
which milk was held. 

e 
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SWEET CLOVER.* 
Special Bulletin No. 113. 


C. R. MEGEE. 


Sweet clover has long been recognized as a forage crop but only 
recently has its value been appreciated and a place allotted it in our 
agricultural program. The principal causes for the lack of appreciation 
of this crop are (1) the tendency of the stems to become very coarse and 
woody upon coming into blossom, (2) its aggressiveness on many waste 
places and (8) the bitter taste which makes it unpalatable until stock 
have become accustomed to it. 

If a hay crop is desired the coarse, woody stems may be almost 
entirely eliminated by cutting at the proper time. The aggressiveness 
of the plant makes it very valuable as a soil improver, especially upon 
lands that have been cultivated over a long period and are low in organic 
matter and available plant food. Sweet clover does not become a pest 
in cultivated fields or pastures. Stock will become accustomed to the 
peculiar taste of sweet clover in a very few days and will eat the hay 
or pasture as readily as clover or blue-grass. 


A SOIL BUILDER, 


Sweet clover belongs to the group of plants known ag legumes, which 
when inoculated have the ability of making use of the free nitrogen of 
the air and storing it in the plant tissue. This is very important in 
crop production because nitrogen is one of the essential elements for 
plant growth and the most expensive element purchased in a complete 
fertilizer. 

Through the proper use of leguminous plants such as sweet clover, 
alfalfa and red clover, it is possible to largely eliminate the need of 
purchasing nitrogen in the form of a commercial fertilizer. The same 
organism that inoculates sweet clover also inoculates alfalfa, thus sweet 
clover is a valuable crop to precede alfalfa. 

Sweet clover is valuable as a soil improver because it will grow on 
soils that are quite low in fertility and deficient in organic matter, pro- 
vided they are well supplied with lime. For this reason it is one of 
the best crops for building up light soils and poor, heavily cropped 
soils that are low in fertility, whether heavy or light. 


A VALUABLE PASTURE CROP. 


When properly handled sweet clover furnishes an abundance of 
pasturage from early spring until late fall. Unlike alfalfa it seldom 


*The term “sweet clover” in this bulletin refers to the biennial white sweet clover. 
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causes bloat. Though stock may not at first take readily to this crop, 
they will become accustomed to it if fed no other forage or roughage for 
a few days. Cattle often crave some dry roughage, while being pastured 
on this crop on account of its succulent nature. The amount of pastur- 
age secured from sweet clover during late July and August, when Ken- 
tucky blue grass or June-grass is in the resting stage, is very satisfac- 
tory. 

During the summer of 1921 the Farm Crops and Dairy Sections of 
this Station co-operated in conducting a feeding trial of biennial white 
sweet clover as a pasture crop. The cows received approximately one 
pound of grain for each four pounds of milk produced and were on 
pasture continuously except while being milked or weighed. 

They received no silage or other roughage except that secured from 
the sweet clover pasture. Sixty-nine dollars worth of milk, at 20 cents 
per gallon, was produced from one acre of sweet clover after deducting 
the cost of grain at the rate of $40.00 per ton. With butter fat at 40 
cents per pound, the cows produced $26.02 worth of fat per acre of 
sweet clover after the cost of the grain was deducted. 


Fig. 2. A sweet clover stand may be completely killed out if the first crop of the second 
year is cut too sbort. 

To the right—llat cut eight inches high and the second crop is in full bloom. 

To the left—Dlat cut four inches high and the stand completely killed out, the sweet 
clover was replaced by fox tail and other weeds. 


A HIGH PROTEIN HAY CROP. 


The stage of growth at which sweet clover is cut for hay influences 
very greatly the quality of hay secured. (See harvesting for hay, page 
400.) When cut at the proper stage it contains practically as much di- 
gestible protein as alfalfa and more than red clover and the quality 
and quantity of milk produced when the hay is fed to cows are approxi- 
mately the same as when other legumes are used (1).* The total yield 


*Refers to reference, see bibliography, page 404. 
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of sweet clover hay per acre is usually less than from alfalfa, but more 
than that secured from the true clovers. 


PRODUCES SEED ABUNDANTLY. 


The yield of seed secured per acre is quite high when compared with 
alsike and red clover. When sown broadcast a yield of from three to 
five bushels of seed per acre is not uncommon and when drilled in rows 
yields of from eight to ten bushels are sometimes secured. 


A VALUABLE HONEY CROP. 


Sweet clover has long been recognized by bee-keepers as one of their 
valuable sources of nectar. The period of nectar secretion usually fol- 
lows that of white and alsike clover. The honey from white sweet clover 
is light in color, with a slight green tint and the yield is heavy. 


ADVANTAGHS OF SWEET CLOVER. 


Sweet clover will grow on practically all soil types provided the soil 
is not acid and is well inoculated. It will grow on soils that are so 
low in fertility that alfalfa and red clover will not catch readily and 
is a valuable crop to pave the way for alfalfa. Sweet clover is equally 
as drought resistant as alfalfa and more so than red clover. It is 
equally as winter hardy as alfalfa and red clover. 


SPEcIES OF SWweEerr CLover. 


There are three species of sweet clover. The biennial white is the 
one commonly referred to as “sweet clover” and has proyed to be much 
better adapted to Michigan conditions than either the biennial yellow 
or annual yellow species. The biennial white has a white blossom, an 
upright habit of growth and matures seed the second year. The biennial 
yellow has yellow blossoms, finer stems, is much more decumbent in 
habits of growth and only yields from one-half to two-thirds as much 
forage as the biennial white. 

Seed of the biennial white is sometimes adulterated with the seed 
of the biennial. yellow. This adulteration may be distinguished by the 
dark purplish-green mottling and frequent purplish green spots on the 
seed of the biennial yellow. 

The annual yellow is a small erect growing plant, producing seed 
the first season and should not be sown in this State because of the very 
small growth secured. The seed of the annual yellow is smaller than 
that of the other sweet clovers. The annual white sweet clover (trade 
name Hubam) produces seed the first year and is thought to be a strain 
of the biennial white. 

Hubam has only very recently come into prominence and at this 
time (1921) has not been tested sufficiently,to determine its value. 
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TOO MATURE FOR TAY. 


Fig. 38. When harvesting is delayed until the plants are in full bloom the stems become 
woody and the leaves drop off, making a hay of poor quality. Sweet clover should be 
harvested before the blossom buds appear. 


LIME AND FERTILIZERS. 


Satisfactory yields of sweet clover are very seldom secured on acid 
soils. Even though the stand may be fair at first the plants will be 
stunted in growth and but a small amount of hay or pasture secured: 
When the soil is in this condition it usually requires from one to three 
tons of ground limestone or from three to six cubic yards of marl per 
acre to secure good results. The average application of ground lime- 
‘stone is approximately two tons per acre. 
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Fertilizer tests conducted by the Soils Section of this Station, (5) 
indicate that on muck soils that are low in phosphorus and potassium 
the use of a fertilizer may be of value. 


TABLE 1—INCREASE IN YIELD OF AIR DRY HAY FROM AN APPLICATION OF PHOS- 
PHORUS AND POTASSIUM ON A MUCK SOIL THAT WAS SEVEN FEET DEEP. 


Eeunids Air Dry 


Treatment Baye per Acre 
First Year’s Growth. 
NOT 5 oes fen epee eres obit etadae th Soe ed eral exe coaulalsohe, els OL TaN Se" ach ana Se avers 960 
250 pounds of 16% acid pucenuate SENS SASSO coc tatce) Se eines at RPMS soos J cigs UlclNocs 2,780 
200 pounds of:-muriate Of potash hon. sector «c/a teiee' cae eae one menetaictcie eels oo ie 1,600 
250 pounds of 16% acid phosphate and 200 pounds of muriate of potash....... 2,960 


_In another test (5) the application of neither manure nor fertilizer 
produced a satisfactory gain on a deep virgin, muck soil, the unfertilized 
portion producing 4,265 pounds of air dry hay per acre the first season. 

In tests conducted by the Soils Section at the Cass County Farm on 
sandy land, better seedings were secured where phosphate and potash 
fertilizers were added along with some form of lime. When ground 
limestone was used the stand and thriftiness of the plants varied with 
the fineness of the limestone, those receiving the finely ground limestone 
being the best. It was also observed that the amount of rainfall influenced 
the efficiency of the liming material. When lime was applied during 
a season of minimum rainfall but little benefit was secured from the 
application of the lime that season while on an adjacent plot that had 
been limed the year before but seeded during the season of low rainfall 
a good stand was obtained. 


TABLE 2—THE RELATIVE YIELD SECURED FROM THE USE OF DIFFERENT FORMS 
OF LIME AND DIFFERENT DEGREES OF FINENESS OF GROUND LIMESTONE AT 
THE CASS COUNTY FARM. 


Yields in Pounds 
of Green Weight 


Treatment. per Acre. 
Year 1921. 
Hydrated Timecrs teen tou ne cee 2,960 pounds per acre............. 6,640 
Marl cn. os tahoe tear tees out setemcee cron oiatohe 4,000 pounds per acre............. 5,840 
Ground limestone, fineness 80 mesh....... 4,000 POUNGS pet Acre. oni... ee here 4,280 
Ground limestone, fineness, 40-60 mesh. . :4,000 pounds per acre............. 3,280 
Ground limestone, fineness, 10-20 mesh. . .4,000 pounds per acre............. 3,440 


In the above test the yields of sweet clover were secured five years 
after the lime was applied. The lime was applied as the land was being 
prepared for soybeans. Rye and wheat followed the soybeans. In addi- 
tion all plats received 200 pounds of acid phosphate per acre previous 
to soybeans and wheat and 100 pounds of sodium nitrate per acre prey- 
ious to soybeans, rye and wheat. The difference in yield due to the ap- 
plication of different forms of lime and degree of fineness of ground lime- 
stone was more striking with the rye and wheat than with the sweet 
clover. The necessity of applying lime for sweet clover on this type of 
soil, however, is very apparent since it was impossible to get a stand 
of sweet clover on those plats that received no lime. 

In the fertilizer test conducted by the Soils Section at the Cass 
County Farm the rotation consisted of soybeans, rye, wheat, sweet clover. 
Acid phosphate was applied to soybeans and wheat. Sodium nitrate 
was applied to soybeans, rye and wheat and potassium chloride to the 
soy beans. 
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TABLE 53—LIGHT SANDY SOILS RESPOND QUITE READILY TO LIME AND POTASH— 
CASS COUNTY FARM. 


eee —————— 


Yield of Sweet 

Plat Clover. Green 
No. Treatment. Weight per Acre 
Ave. 1920-1921. 


1 Neither Lime nOnmferhilizeraApDUeds....0<<.. 211 Pa Aoteteperenis) eel ticle eh lst e fe os Seeding total failure. 
Slav) Ground limestone 6.300 pounds Per ACT 5. <cs 01205. ses 2 eis <icverers wie sreyoi a/el'0' ole 3,508 
2 Ground limestone 6,300 pounds per acre... .......... cee eee eee r ees 
Acid phosphate 200.pounds per acre... ....... 26. e cece eee eee eee ees 7.544 
SoOdilMnitrarelOO POMNGS Per ACT) cho oe «wile te. tenes el ch sbelalape eiales el aceiens U 
Potassium chloride 100 pounds per acre......... 25.6... cece vec ccenes 
3 Ground limestone’6-s00 pounds Per Acre 0. c.f s core ces = se eleaielen ae 
Acid phosphate 200 pounds per acre.............2..-- +e eee eee eee 4,476 
Sodinmenitrates OOspOUNGS) PEL ACIC sor ar rere veuaio ass Pare oo 9) epee eieele sie ols 
+ Ground limestone 6,300 pounds per acre. ........-......22ccccsevae 
Sadi mitrates! OO MOUNMS pel AClE 9). < -ilctele oo > 2 uc1e 6 ole) shells feholeias 6,736 
Potassium chiorides 200) pounds: Per aches. a. 2h. oe be on eels ele elaleinnn aie 
5 | Ground limestone 6,300 pounds per acre..........-..-+e eee eee eee 
Acid phosphate 200 pounds per acre...) 2. oo ne ee ew eine see enee 6,158 
Potassium chloride 100 pounds per acre.............. eee eee tenes 
6 INeliherliniesiOnr fertilizer BDDLEM = -7...0.2. 1s yore sintsim is ereielw cle = sicleiel ele ele Seeding total failure. 
6s | Ground limestone 6,300 pounds per acre. .............. 2c cece ee eeee 5,248 
a Ground limestone 6,300 pounds per acre...............2.2eeeeeeees 4.872 
Sodiuny nitrate) 100) pounds POG AELCs seus. oy « «svete exek> ois wiles («ete loloehel/oleiiene : 
8 Ground limestone 6,300 pounds per acre. ...............s0seseeeeee } 6,456 
Potassium chloride 100 pounds per acre..... 1.2.2.2... ce eee eeccens J 
9 Ground limestone 6,800 pounds per acre... . 2.06. wee cee cee 3.885 
Acide phosphate; ZOOMOUNGS Per, ACKG ee alee, c) re. - c's 8) -/ofe rejoins cere ave leiele) scle1« 5 
10 Ground limestone 6,300 pounds per acre. .............c6sescssee sees } 3.360 
Rock’ phosphate 1,000) pounds per acre. ;.. 2... 6 se clei. es eee nee ne’ ; 
11 Neither lime) nor fertilizer applied’) sara a= -1,. 1a) ws coe teioke ole ehelloleie) o Sisinic Seeding total failure. 
11s | Ground limestone 6,300 pounds per acre. ..............22e sees eeeee 3,800 


The four highest yielding plats received ground limestone and 
potassium chloride either in combination with sodium nitrate and acid 
phosphate or alone. The third highest yielding plat received only lime 
and potash. None of the other plats received potash. Three plats re 
ceived neither lime nor fertilizer and on these plats the sweet clover 
seeding was a total failure. The results secured from the use of the 
fertilizer on the rye and wheat were also quite pronounced. 


INOCULATION. 


If neither sweet clover nor alfalfa has been grown successfully on 
the field, artificial inoculation should be made. Since inoculation en- 
ables sweet clover to make use of the free nitrogen of the air, it is 
especially important to inoculate when seeding on soils low in nitrogen 
and organic matter. There are several different methods of inoculation, 
the pure culture being the simplest and easiest to apply. Material for 
the pure culture method may be secured from the Department of Bacter- 
iology of the Michigan Agricultural College, East Lansing, Mich. The 
price is twenty-five cents per bottle and one bottle is sufficient to inocu- 


Para Lcd 
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late one bushel of seed. Directions for applying this material accom- 
pany the bottle. 

The soil method of inoculation consists in dissolving one and one 
half ounces of carpenter’s glue in a quart of warm water and sprinkling 
it over a bushel of seed, which has been spread out on a smooth floor. 
Stir the seed and then sprinkle over the seed about a quart of very fine 
soil that has been recently obtained from a sweet clover or alfalfa field 
where the roots were heavily loaded with nodules. 


SCARIFICATION, 


A high percentage of sweet clover seed have a seed coat that is quite 
impervious to moisture and when the seed is sown during the spring or 
summer, will prohibit its germination that season. When the seed is 
sown during the late fall the freezing and thawing action of the soil 
moisture during the winter tends to break the seed coat and germina- 
tion takes place during the early spring. Unscarified seed usually gives 
better results when sown during the late fall than does scarified seed. 
Scarified seed is much to be preferred for spring seedings. The Ames 
scarifier is the most efficient method of scarification. 


SEEDING. 


A greater growth and a more lasting stand is usually secured by 
seeding in the early spring on a well-compacted seed bed. Loose seed 
beds are responsible for many failures. Sweet clover may be seeded in 
the early spring on fall sown wheat or rye or with barley or oats. A 
better seeding is often secured by sowing only a bushel of barley or oats 
when used as a companion crop. 

From twelve to fifteen pounds of scarified sweet clover seed per acre 
is usually sufficient to give a good stand. Ten pounds of high quality 
scarified seed is sufficient under favorable conditions. From sixteen to 
eighteen pounds of unscarified seed or from twenty to twenty-five pounds 
of unhulled seed is usually sufficient to secure a stand. 

On fertile soils, sweet clover when seeded at the same time as oats, 
sometimes makes such a large growth that the curing of the grain is 
made difficult. On this type of soil it is advisable to seed the sweet 
clover two weeks later than the oats. 


HARVESTING FoR Hay. 


The stage of growth at which sweet clover is cut determines very 
largely the quality of hay secured. Sweet clover should be cut just be- 
fore the blossom buds appear. If allowed to come into bloom, the stems 
become woody, the leaves fall off and a very poor quality of hay results. 

The height of cutting is very important. The second year sweet 
clover does not propagate from a crown as does alfalfa, but propagates 
from buds in the axils of the branches and leaves on the lower portion 
of the stalk. If the first cutting of the second year is made below the 
young branches, which bear the leaves, the stand will be ete and 
the second crop will not be secured,, re 
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TABLE 4—RESULTS SECURED THE PAST SEASON FROM CUTLING A FIELD OF 
SWEET CLOVER ON THY COLLEGH FAPM AT VARIOGS HEIGHTS AND AT DIF- 
FERENT STAGES OF MATURITY.* 


Height of Cutting, 
Stage of Maturity. 


31% inches. 51% to 6 inches . 9 inches. 
Before blossom..... Stand destroyed.....} Stand only slightly injured...... Stand not injured. 
Beginning to blossom] Stand destroyed.....| Stand nearly destroyed......... Stand not injured. 
MOOI Panlercis rere Stand destroyed.....| Stand destroyed............... Stand nearly destroyed 


Fig. 4. Special shoes shown in Fig. 6 attached to the cutting bar. In order to secure a 
s‘cond crop the second year, the first crop of the secoud year should be cut from six to 
eight Inches above the ground. 


From the above mentioned test it is clearly evident that sweet clover 
should be cut just before the blossom buds appear and from six to eight 
inches high or sufficiently high that a few leaves will be left attached to 
the stubble. If a seven or eight-inch stubble is desired it will be neces- 
sary to replace the shoe soles of the mower with higher soles which 
may be made of strap iron at any blacksmith’s shop. The extension 
shoe soles used at this Station are shown in Fig. 5. 


*Partial report of project conducted by J. F. Cox and C. R. Megee. 
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CURING SWEET CLOVER HAY. 


Sweet clover is more difficult to cure into hay than either alfalfa or 
red clover. This is largely due to the large amount of moisture con- 
tained within the plant at the time of cutting, causing the shattering 
of the leaves from the stems before the stems have cured out. That the 
leaves constitute the best part of the hay is shown by the following 
analyses. 


TABLE 5—AVERAGE ANALYSES OF THE LEAVES AND STEMS OF FOUR SAMPLES OF 
WELL CURED BIENNIAL WHITE SWEET CLOVER HAY (1). ANALYSES MADE 
BY THE BUREAU OF CHEMISTRY, UNITED STATES DEPARTMENT OF AGRI- 
CULTURE. 


Nitrogen 
Samples. Moisture. Ash. Ether Protein. Crude ree 
extract. fiber. extract. 
Th@AWES Horie ee ieyeistrrercloveio lace imiene 8.70 10.92 3.09 28.20 9.28 39.78 
Stemse i recesisss ses cigs wie aides tiene 8.7 8.08 0.70 10.16 39.45 33.08 


The samples represented the first cutting the second season. The 
protein content of the leaves is nearly three times that of the stems, 
while the crude fiber content of the stems is over four times that of 
the leaves. 


Fuk oe Nes ce 


Fig. 5. Shoes such as these may be made at any blacksmith shop and are used to raise the 
cutting bar in order that sweet clover hay may be cut from six to eight inches above the 
ground. 


One of the most successful methods of curing sweet clover hay is 
to allow the plants to wilt in the swath, then windrow with a side de- 
livery hay rake and a few hours later place in small upright cocks. 
The hay should be in cocks before the leaves have dried out sufficiently 
to crumble or shatter. The hay is then left in the cock until cured 
sufficiently to put into the barn or stack. This may be only two or three 
days or may be two weeks depending upon weather conditions. The 
small cocks may be handled with practically no loss of leaf. 
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HARVESTING FOR SEED. 


The best implement to use in harvesting sweet clover for seed will 
depend upon the growth made. If the growth is not too rank and 
heavy the grain binder may be used. However, if very rank the corn 
binder will give better satisfaction. A three foot swath may be cut 
with the corn binder when the sweet clover has been broadcasted by 
placing ten-inch extensions upon the dividers. The mowing machine 
causes great loss of seed through shattering and is not satisfactory. 
Regardless of the implement used the shattering will not be nearly so 
great if the plants are harvested when toughened by a light mist or dew. 
At this stage of growth most of the leaves have fallen off and no diffi- 
culty is experienced in curing. A sweet clover plant does not mature 
all of its seed at one time, consequently the proper stage at which to 
harvest is when from 60 to 75 per cent of the seed pods have turned 
brown. 


Fig. 6. IJIlarvesting sweet clover seed with grain binder in Alpena County. When the 
growth is not too rank the grain binder is one of the best implements to use for harvesting 
sweet clover seed. 


Sweet clover seed may be threshed with the ordinary grain thresher. 
If very dry most of the seed will be hulled, if slightly damp very few 
seed will be hulled. When the grain thresher does not remove the hull 
it may be removed with a clover huller or a sweet clover seed scarifier. 
Due to the greater capacity of the grain thresher it is better adapted 
for threshing sweet clover than the clover huller. 


Sweer Ciover 1s Weitt ApArrep To MicHiGAN RoraTIoNs. 


Many farmers have observed the aggressive habit of sweet clover 
along railroad embankments, roadsides and on clay knolls where the 
top soil has been removed and have thus become prejudiced against it, 
fearing it would be difficult to completely eradicate the crop when 
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the land was to be sown to corn, beets, beans, ete. Coe (2) 
states that the results obtained annually by hundreds. of farm- 
ers are sufficient proof that there is no foundation for such 
fear. ‘When the first year’s growth of sweet clover is to be turned 
under for green manure it is recommended that the field be plowed after 
the plants have made some growth the following spring rather than in 
the fall of the year of seeding. When the first year’s growth is plowed 
under the same fall many of the plants will not be entirely covered, and 
these will make a vigorous growth the following spring. When the 
plowing is delayed until the plants have made some growth the following 
spring, no trouble will be experienced in eradicating them.” 


PUBLICATIONS OF THE MICHIGAN AGRICULTURAL EXPERIMENT STATION 
RELATING TO THE CULTURE, OF LEGUMES. 


Alfalfa—Bulletin No. 97. 

Soybeans—Special Bulletin No. 100. 

Short Season Hay Crops—Circe. No. 42. 

Lime, Its Uses and Functions—Special Bulletin No. 91. 
The Use of Phosphorus—Regular Bulletin No. 284. 

Soil Fertility—Regular Bulletin No. 290. 
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(1) Coe, H.S. Sweet Clover: Utilization. 
1917—Farmers Bulletin 820, 1-82. 


(2)°. ——_—__——-. Sweet Clover: Growing The Crop. 
1917—Farmers Bulletin 797, 1-34. 

(3) ——————__ Sweet Clover: Harvesting and Threshing The Seed. 
1917—Farmers Bulletin 836, 1-23. 


(4) Drake, J. A., and Rundles, J. C. Sweet Clover On Corn Belt Farms. 
1919. Farmers Bulletin 1005, 1-28. 
(5) McCool, M. M., and Harmer, P. M. 
Some Results From Fertilizers On Muck Soils. 
1921 Quarterly Bulletin. 
Michigan Agricultural Experiment Station 4-2: 45-51. 


SPRAY AND PRACTICE OUTLINE. 
Special Bulletin No. 114. 
BY C. P. HALLIGAN, R. H. PETTIT AND G. H. COONS. 
SPRAYING APPLE ORCHARDS. 


DORMANT SPRAY. 


A “dormant” spray should be applied to all orchards where oyster- 
shell, San Jose, scurfy or other scale insects are found. The oyster- 
shell scale in the commercial apple orchards of Michigan is now more 
common than for many. years past, and San Jose scale has again be- 
come more prevalent the past year. While growers who are positive 
that no scale is present may omit this spray, it is a safe practice to an- 
nually apply a dormant spray. Growers should inspect their orchards 
carefully during the winter or early spring to see if any of these scales 
are present thus necessitating the application of a “dormant” spray. 
If you cannot identify these scales, send twigs or a strip of the bark to 
the Entomologist, Michigan Agriculture Experiment Station, East 
Lansing, where they will be identified for you free of charge. 

The “dormant” spray, if scale is found, should be put on in early 
spring just before the buds show green. The later it is applied with- 
out injury to the trees, the greater its efficiency as an insecticide and 
fungicide. Lime-sulphur solution (6144-50), Scalecide, or Soluble Sul- 
phur may be used for the control of scale. It is very essential to be 
thorough in its application, covering every part of the twigs, branches 
and trunk. . 


SUMMER SPRAYS. 


A pre-pink spray,—is recommended 
for all varieties very susceptible to 
| seab, being applied just as the blos- 
i som buds have begun to separate in 
the cluster, to control the primary 


infection of seab. 


For this spray use bordeaux-mix- 
ture or lime-sulphur (114-50). 


| Fig. 1. Cluster buds at the “pre-pink’’ stage. 
This shows the stage of bud development at 
which the ‘“pre-pink’” spray should be ap- 

plied. 
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A pink spray.—should be ap- 
plied to all varieties of apples as | 
soon as the blossom-buds separate | 
in the cluster, to prevent scab and 
other diseases and to kill canker- 
worm, bud-moth and other pests. | 
Use the same materials in the | 
Same proportions, as in the preyv- 
ious spray with one to one and 
one-half pounds of arsenate of | 
lead powder, adding 14 pint of | 
40 per cent  nicotine-sulphate | 
solution to each 50 gallons when 
plant-lice or red-bug are believed 
to be present. 


Fig. 2. Cluster buds at the “pink” stage. 
This shows the stage of bud development 
at which the ‘pink’? spray should be 
applied. 


A calyx spray,—should be applied after the blossoms fall and before 
the calyces close, using lime-sulphur solution with arsenate of lead as 
in the previous sprays, to which 40 per cent nicotine-sulphate may be 
added if plant-lice or red-bug still persist. This is an important spray 
for the control of the codling-moth as well as for scab and other troubles. 
The use of bordeaux-mixture is not advised at this time. 

Two weeks after the calyx spray,—another application should be made 
using lime-sulphur solution with arsenate of lead as before. 

Some growers apply another spray the same as the above, but using 
either bordeaux or lime-sulphur' with the arsenate of lead about the first 
of July. This undoubtedly helps considerably in the control of scab in 
moist seasons and of codling-moth at all times. 

The young of the second generation of codling-moth commence to 
enter the fruit during the latter part of July or early in August, the 
exact time varying considerably with the season. To care for the larvae 
of this second generation one may apply a spray of dilute lime-sulphur 
or bordeaux and arsenate of lead during the first week of August or 
better still two sprays, one the latter part of July and the other dur- 
ing the second week of August; or one may apply such a spray on the 
date determined by the emergence of the adult winged moths of the first 
generation. To determine this date one must cage a quantity of the first 
wormy apples in early June or late May and watch for the moths, allow- 
ing one week after the moths emerge in numbers for the eggs to be laid 
and the larvae to commence operations. The Department of Ento- 
mology has been attempting for several years to maintain cages at ob- 
serving stations in various parts of the State and to set the date for 
this spray for each county annually, through the agency of the county 
agricultural agents. From the very nature of the case the date can not 
be set until very close to the time of spraying because it is determined 
by the emergence of the adult moths. 

The lesser apple-worm,—works more superficially than the codling- 
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moth. Sometimes it merely mines under the skin. It resembles the 
codling-moth in many ways, but is smaller. When present it requires 
a spray of poison, to be applied when the standard winter varieties are 


Fig. 3. Bggs of plant-lice on apple-twigs. 


from 11% to 2 inches in diameter. This spraying should be thoroughly 
done. It may take the place of the second application after the petals 
fall or an additional spraying may be made. The other regular sprays 
will also help to keep the Lesser Apple-worm in check. 


Fig. 4. Apples stunted and deformed by rosy-lice and green-lice. 


Plant lice,—of several kinds infest the apple tree, but their effect on 
the fruit depends largely on weather conditions. The red-bug is also 
now well distributed over the State. The eggs of both these insects are 
hatched out by the time the buds turn pink, and at that time the plant- 
lice are easily killed and the adults of the red-bug are unable to fly. If 
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either the rosy-louse or the red-bug is strongly suspected of being 
present, apply a spray of nicotine-sulphate, using a pint of 40 per cent 
nicotine-sulphate, to 100 gallons of water, adding 2 or 3 pounds of soap 
to the mixture; or else add a pint of the 40 per cent nicotine-sulphate 
to 100 gallons of bordeaux or dilute lime-sulphur. Stir the nicotine in 
just before applying, and be sure to omit the soap in this latter case. An 
early spring with warm, dry weather following is unfavorable to the lice, 
and a cold, wet, late spring is favorable to the lice. In seasons such as the 
latter, Spraying is almost imperative. As both of these insects feed 
by sucking the sap from the foliage and from the fruit, it is necessary 
to use a contact spray. The safest contact spray, besides being the 
only one that can be mixed with lime-sulphur or bordeaux, is nicotine- 
sulphate. 

Fire blight,—Fire blight is sometimes a serious disease in apple trees. 
A constant watch should be kept for its appearance from the time the 
trees blossom until the end of the growing season. For a description 
and method of control see “Treatment for Pears.” 

If dusts are used,—in place of liquid sprays, they should be applied 
at the following times;—a pre-pink application, a pink application, a — 
calyx application, one two weeks later, one about the first of July, one 
about the first of August or late in July, and one about two weeks later. 
If weather conditions are particularly dry, some of these may be omitted 
but the pre-pink application, the pink application, the calyx applica- 
tion and the one applied about the first of August should never be 
omitted, regardless of weather conditions. 


Spraying PEACH ORCHARDS. 


Dormant Sprays. The dormant spray should be applied to peach trees 
when scale insects are present on the trees. Careful inspection should 
be made to ascertain whether or not they are to be found. Peach leaf- 
curl is a most common and serious disease of peaches in Michigan and 
is especially serious on Elberta. If scale is present a strong dormant 
spray of lime-sulphur solution (614-50) should be applied just before 
the buds swell and the bud scales loosen, which will destroy the scale and 
also prevent leaf-curl. If the scale fs not found the spray should be 
applied for leaf-curl just before the buds swell and the bud scales loosen, 
using 214 gallons of lime-sulphur with enough water to make~50 gal- 
lons. This spray in extensive orchards and in the absence of scale may 
be applied earlier to facilitate the work. Fall or winter applications 
for leaf-curl are generally efficient. The control of this disease is not 
usually efficient if the spraying is not done before the buds begin to 
swell. Scale, however, demands that the spray be put on just before the 
buds swell.* 

Summer Sprays. The summer spraying of peach orchards may be a 
very profitable practice in preventing decayed, scabby and wormy fruit. 
The brown-rot usually appears just before harvest and may develop in 
the package after shipping. Scab seriously detracts from the appearance 
of the fruit and the work of the curculio produces blemishes; also these 
spots often serve as points of entrance for the fungus of brown-rot. 
Spraying also increases the bright and desirable color, so much so that 
some progressive growers find it “pays to spray for color.” 


*See tables for dilutions for this and other lime-sulphur sprays on back cover. 
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Peaches should never be heavily summer sprayed because of their 
susceptibility to foliage injury. The above troubles commonly found 
in Michigan peach orchards may best be controlled by the following 
sprays :— 


i 


Fig. 5. Peach leaf-curl. This disease is controlled by a dormant spray. 


After the blossoms drop and most of the “shucks” have fallen, apply a 
spray using one pound of arsenate of lead powder with two or three 
pounds of lime (to prevent foliage burning), in 50 gallons of water. If 
curculio is not present or serious, this spray may be omitted. 

About two weeks after the “shucks” have fallen, apply a spray of self- 
boiled lime-sulphur to every 50 gallons of which add 1 pound of 
arsenate of lead powder. Self-boiled lime-sulphur settles rapidly so it 
should be kept well agitated and the poison should not be added until 
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just before applying. This application is to prevent brown-rot, scab, 
and the curculio. 

About one month before the fruit ripens, spray once more as directed 
above. 

Recent experiments by the Horticultural Department have demon- 
strated the efficiency of the sulphur dust applied ten days to two weeks 
before harvest to prevent the development of brown-rot during the 
ripening period or directly after, while the fruit is in transit, and before 
it reaches the consumer. (For further details see Experiment Station 
Special Bulletin No. 115). 


Tig. 6. First step in treatment of peach-borer with paradichlorobenzene. The tin cup holds 
just an ounce. 


PEACH TREE BORER. 


Dig out by hand early in the spring or late in the fall at points 
where the gumming shows. Sterilize the knife with 2 to 5 per cent 
compound solution of cresol after finishing with each tree, in order to 
prevent the spreading of crown-gall which is often present. In order 
to facilitate the removal of the larvae of “worms” many growers prac- 
tice MOUNDING OR DITCHING. It seems to be of advantage to change 
the level of the soil around the base of the tree, either raising the level 
by making a mound of which the tree is the center, or lowering the 
level by digging away the soil in June and allowing the soil to be worked 
back by cultivation. Undoubtedly it is easier to pull away the mound 
to expose the injured crown than to dig out the soil. The mound is 
later replaced after the wounds have dried. On the other hand, most 
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growers that do not mound, do leave the soil out of the pit around the 
base of the tree in “worming” until it fills during the summer, thus 
allowing time for the sun to dry the wounds and toughen the surface. 
There is also present in Michigan the Lesser Peach-borer, which works 
more in the body and limbs, and the upper part of the tree. 

Paradichlorobenzene is a solid crystalline substance, the use of which, 
in this connection bids fair to supercede the practice of “worming” 
peach trees just described. Recent experiments seem to show that it 
will kill borers in the crown and roots which le below the line of the 
application, without injury to the tree. Undoubtedly extensive use of 
this comparatively new method will develop new kinks and make its 
use more safe to the tree. Thus far its use seems to be restricted to 
trees of six years or older. 

The dose usually applied is 34 ounce or 1 ounce to a tree, the cry- 
stals being fairly fine and all lumps crushed and screened. Prepare 
the tree by clearing away weeds, grass, leaves, etc., from about the base 
of the trunk, clearing a space but not loosening the soil, and distribute 
the crystals in a narrow band one inch wide and two inches from the 
trunk of the tree. Then place several shovelfuls of soil about the tree 
over the crystals, so as not to disturb them. The best time to apply 
seems to be the last week of August or the first week of September and 
the soil should be left undisturbed for three or four weeks after which 
it should be pulled away from the tree, in order to avoid an over-dose. 
More detailed directions will be furnished on request by the Department 
of Entomology. 


PEACH YELLOWS. 


This is a very infectious disease the cause of which is unknown. The 
first symptoms in a young tree, previous to bearing, are indicated by 
the leaves of one or two limbs turning from a rich dark green to a 
“yellowish-green or reddish-rusty-green” color; this is accompanied by 
a rolling of the leaves from their edges. These leaves ripen and fall 
earlier than normal leaves. The fruit-buds are larger and more ma- 
ture in appearance and in the spring will invariably bloom earlier than 
healthy buds. In some instances, the symptoms are not confined to 
one or two branches, but many of the leaves in the center of the tree 
turn yellowish or light-green, roll slightly at their edges and droop con- 
siderably. These latter symptoms are often present in case of “Little 
Peach,” 

Upon bearing trees, there may be any one or all of the following 
symptoms: The fruit may ripen prematurely—one to three weeks— 
upon one or two branches or over the entire tree. The fruit may have 
numerous red spots on the surface, the spots sometimes extending in 
red streaks partially or wholly through the flesh to the pit. Often the 
flesh, about the pit is full of radiating streaks of red. The surface of 
the fruit may be smooth or considerably roughened and the flesh more 
or less stringy and very insipid. The leaves may be yellowish, pale 
or reddish rusty-green in color, usually rolling and drooping. In ad- 
vanced stages, numerous finely branched shoots bearing many slender, 
sickly leaves, appear on the trunk or main limbs and sometimes near 
the ends of the branches. Finally the tree dies. 

Winter injury to the bark of the trunk or main limbs, mechanical 
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injury by mice, rabbits, peach-borers, cultivators, etc., or a serious lack 
of moisture or nitrogen in the soil may discolor the foliage and cause 
premature ripening of fruit and should not be mistaken for “Yellows.” 

The only method of control is by the destruction of an infected tree,— 
fruit, root and branch—just as soon as discovered. It is especially im- 
portant that diseased trees should not be allowed to blossom, as it is 
believed that the disease is spread by insects at that time. 


LITTLE PHACH. 


In “Little Peach,” characteristic symptoms are:—the leaves of a 
part or the whole of the tree have a bunched appearance, and are shorter, 
and broader than normal leaves. They are usually yellowish-green in 
color with veins appearing dilated and darker than tle intervening 
tissue.. The fruit is usually under size and ripens from a week to two 
weeks late. The flesh is more or less stringy, watery and very insipid, 
while the pit is usually very small. One or all symptoms may be present 
and unless they can be positively attributed to some other cause, the 
tree should be condemned, pulled out and burned. 


SPRAYING Prar OrcHARDS. 


Dormant Spray. Jn the fall, winter or early spring, inspect for scale- 
insects the same as in apple orchards, and if found, spray as is directed 
for apple orchards. (See page 405.) 

A spraying for scale will also control the Pear blister-mite, (a mite 
that causes thickened red spots which later become brown on the leaves 
and fruit). This creature has been a serious pest in parts of Michigan 
for the past few years. 

A Delayed Dormant Spray. In orchards infested with pear psylla the 
dormant spray may be delayed until the blossom-buds are just showing 
white, and beginning to separate from each other in the cluster, using 
lime-sulphur solution (614 to 50). Some foliage burning may result but 
not enough to offset the beneficial effects of this spray. Kiefers are apt 
to be a little ahead of the other varieties. During the season of 1921 
this spray directed against the eggs of the pear psylla proved very ef- 
fective and it may in time supersede the older practice of using nico- 
tine while the tree is dormant. 

Summer Sprays. Just as the blossom buds are showing white and be- 
fore they have separated in the cluster, a spray should be applied to 
prevent scab, especially on varieties susceptible to scab. For this appli- 
cation bordeaux mixture or lime-sulphur (1-50) may be used, to which 
add 1 to 1% pounds of arsenate of lead powder for each 50 gallons. 
The delayed dormant spray for pear psylla will take the place of this 
spray. Primary infection of scab occurs some seasons before the 
succeeding spray. 

When the blossom buds have separated in the flower cluster,—spray 
with lime-sulphur (1-50) or bordeaux, adding 114 pounds of powdered 
arsenate of lead to each 50 gallons. 

Immediately after the petals fall—a spray should be applied, using 
bordeaux-mixture to which 114% pounds of arsenate of lead powder should 
be added for each 50 gallons. Add nicotine-sulphate (1 pint to 100 
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gallons) if pear psylla is still present. (Lime-sulphur used at this time 
or with the succeeding spray is quite apt to injure the foliage). 

Two weeks later apply another spray of bordeaux to which add 1% 
pounds arsenate of lead powder to each 50 gallons. 


THE PEAR PSYLLA. 


The Pear Psylla is a serious and important insect regarding which 
pear growers must be fully informed. It passes the winter in rubbish, 
such as prunings left in or near the orchard, on the trunks of the trees, 
in the cracks and crannies of the rough bark, and on the twigs among 
the buds. It may be controlled by the following thorough treatment. 

1. Late in the fall, November or December, scrape the loose bark 
from the trunks and large limbs and gather and burn or bury. Do not 
leave on the ground. 

2. On a bright and fairly warm late fall day the insects will come 
out of their hiding places and can then be killed with a contact spray. 
Use some 40 per cent nicotine-sulphate solution at the rate of 1 pint in 
100 gallons of water and to make it spread easily and quickly and so 
go farther, add 3 pounds of dissolyed soap. Any cheap soap will do. 
Spray both sides of each tree,—the insects are lively and will dodge the 
spray. ‘The best possible job can be done by spraying both sides of each 
tree at the same time, or at least by completing the job before any one 
part of the sprayed trunk or limbs becomes dry. It is hoped that the 
delayed dormant spray noted above will supercede this winter nicotine 
spray and if the latter continues to show up as well as in 1921, it will 
do so. 

FIRE BLIGHT. 


Fire blight is a bacterial disease of pears, apples, quinces and 
plums. It attacks blossoms,—causing “blossom blight”; twigs,—caus- 
ing “twig blight’; limbs,—causing “limb canker”; and trunks. of 
trees,—causing “body blight” and “collar blight.” It characteristically 
works rapidly in the cambium and bark, killing so quickly that the 
leaves cling to the twigs, making the tree look as if scorched by fire. 

The common varieties of pear, except Kiefer,—all varieties of 
quince,—Tolman sweet, Jonathan, Transparent, Chenango apples,— 
Transcendent and other crab varieties,—are especially susceptible. It 
it a disease which does serious damage to young, rapidly growing trees. 
Old trees and trees in sod, making slow growth, suffer less from blight. 
Serious loss has come from “blossom blight” on Duchess, and from 
collar blight with varieties on susceptible stocks (Irench crab). 

Spraying is not a preventive for this disease. Control measures con- 
sist, (1),—in elimination of the hold-over cankers, (2),—in the prompt, 
and consistent cutting out of blighted twigs in the orchard. 

The hold-over cankers arise from the blighted twigs of the previous 
year and can be located readily in the winter. 

Pruning should be severe and each cut should be disinfected with 
either formaldehyde 1-10 or with a 5 per cent wash of compound solution 
of cresol or any standard coal-tar preparation of the sort. Prunings 
should be collected and burned. 

In the growing season, especially in June and July, make frequent 
and thorough inspections of the orchard and cut out all twig-blight 
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cutting back for a considerable distance, leaving no stubs and disinfect- 
ing each pruning cut. Such prunings should be collected and burned. 


Fig. 7. Hold-over canker of fire blight. Such cankers should be cut out to remove source 
of early spring infections, 


With young orchards, fire-blight control must not be neglected. Old 
trees frequently show a discouraging amount of fire-blight, which, how- 
ever, usually does not cause serious damage. Mature trees in sod, 
properly fertilized, making a satisfactory growth seldom are injured 
seriously by blight. 

When slugs appear,—spray with an arsenical, if not too near picking 
time of fruit to be dangerous. In case of early pears, fresh hydrated 
lime may be heavily dusted on. 


SPRAYING PLumM OrcHARDS. 


Dormant Sprays. Plum trees may be attacked by the San Jose or 
European fruit scale. If found, spray before growth starts with strong 
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lime-sulphur or other efficient scale destroyer, the same as directed for 
apple orchards. 

Just before the flower buds open,—spray with dilute lime-sulphur or 
the bordeaux-mixture and to every 50 gallons add 114 pounds of arsenate 
of lead powder. (On Japanese varieties always use self-boiled lime- 
sulphur.) This is to prevent leaf-spot, brown-rot, black-knot, and cur- 
culio. 

Immediately after the blossoms fall,—it is very essential to spray to 
prevent leaf diseases, brown-rot, and curculio. Use dilute lime-sulphur 
or bordeaux-mixture. For each 50 gallons of whatever is used, add 1 
pound of arsenate of lead powder. 

This is an important spraying. Be on time and be thorough. 

Ten days or two weeks later,—it may pay to repeat the previous spray- 
ing, especially if the weather is wet or the curculio serious. With varie- 
ties that are susceptible to the brown-rot, it may pay to make sprayings 
every ten days or two weeks until there is danger of staining the fruit; 
stopping at least a month before picking time. If desirable to make 
later applications use a sulphur dust or a spray of weak copper-sul- 
phate,—one pound of copper-sulphate to 150 or 200 gallons of water. 
Poison need not be used. 

Black Knot. Early in the spring a careful inspection should be made 
of every tree, and all “black-knots” cut out and destroyed. Cut back 
several inches below the knot. Disinfecting cuts as for pear-blight is 
not necessary. Wild cherry trees harbor the disease und if diseased 
ones are near plum or cherry orchards, the wild trees should be destroyed, 
if possible. 

Sulphur Dusts. Recent experiments made by the Horticultural depart- 
ment have demonstrated the efficiency of lime-sulphur dust of 90 per 
cent sulphur and 10 per cent hydrated lime, applied ten days or two 
weeks before picking, for the control of brown-rot after harvesting. 
(See Michigan bulletin No. 115 for further details.) 


SPRAYING CHERRY ORCHARDS. 


Inspect sweet cherry trees for scale and if found spray as for apple 
orchards. Sour cherries are not commonly troubled by the San Jose 
scale; therefore it is seldom necessary to spray them with strong lime- 
sulphur. 

Just before the blossoms open,—spray with dilute lime-sulphur (114 to 
50) or bordeaux-mixture to prevent leaf-spot and brown-rot. The 
application of this spray at this time is especially advisable with Eng- 
lish Morellos and in orchards infested with leaf-spot the previous sea- 
son. 

Just after the blossoms fall,—spray with dilute lime-sulphur (114 to 
50) or bordeaux-mixture, to every 50 gallons of which add one pound 
of arsenate of lead powder. This application is to prevent leaf-spot, 
brown-rot, curculio and slugs. 

Ten days or two weeks after the above spraying,—it is necessary to 
make another application of the same mixture. 

Another application as above should be made about July first 
especially if weather conditions have been favorable for the develop- 
ment of leaf-spot. Also, an application should be made directly after 
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harvesting as an infection period for leaf-spot may come any time during 
the remainder of the growing season if weather conditions are favorable. 

Large Black Lice,—may appear on the leaves at any time. A spray of 
nicotine sulphate—one pint to one hundred gallons of water with 3 or 
4 pounds of soap will destroy them. 

Cherry Fruit-Fly. Two sorts of small white maggots are often found 
in ripening cherries. These footless maggots are the larvae of cherry 
fruit-flies. The only way to successfully combat these fruit-flies is to 
lightly spray or sprinkle the trees with arsenate of lead when the flies 
are preparing to lay their eggs in the immature fruit in early June. 
Use a mixture containing 2 pounds of the powder to 100 gallons of 
water. 

GRAPES, 


Grape vines are seldom attacked by scale insects, therefore there is 
seldom need of a dormant spray of lime-sulphur. Dilute lime-sulphur 
should not be used for summer spraying of grapes. Bordeaux is the 
standard spray for fungous troubles combined with arsenate of lead 
to control chewing insects. 

Summer Spray. Black-rot is a most common and serious disease while 
downy-mildew is sometimes yery destructive. These diseases and others 
may be controlled by spraying as follows: 

When the shoots are eight to ten inches long,—spray with bordeaux- 
mixture for black-rot and downy-mildew. 

Just before blossoming,—spray again with bordeaux-mixture for black- 
rot and downy-mildew, and to every 50 gallons of bordeaux add one 
quart of Kedzie mixture or 1 to 114 pounds of arsenate of lead powder 
to poison the grape berry-moth and the rose-chafer. If the latter is serious, 
the amount of arsenate of lead powder may be increased to as much as 
2% pounds to 50 gallons. A pint of the cheapest molasses added may 
help. 

Just as the blossoms are falling,—make another spraying like the above. 
From ten days to two weeks later, another application may be desir- 
able if weather conditions are favorable for the development of rot and 
mildew, or if the grape-berry moth persists, using the same materials 
as with the previous spray. If late applications are thought to he 
necessary, some material should be used that will not stain the fruit, © 
such as weak copper-sulphate solution. (See page 425.) 

There are several grape insects that are found only in occasional 
vineyards, and then not every year. The grower should keep a sharp 
watch of his vines for them, and if found, take prompt measures to 
destroy them. (If not familiar with their appearance send specimens 
to the Entomologist, East Lansing, Michigan.) 

Those most likely to be found are the following: 

Flea-beetles »—Inay appear at any time, but are most likely to come 
as the buds open in early spring. Spray with bordeaux-mixture and a 
strong poison, one quart of Kedzie mixture, or 1144 pounds of arsenate 
of lead powder, to every 50 gallons of the bordeaux, if early in the spring. 
Later use less poison. 

In vineyards where the grape-berry moth is present, apply bordeaux 
(4-4-50 to which add Kedzie mixture, one quart to 50 gallons* or 114 


*See directions for preparing insecticides, page 431. 
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pounds or even more of powdered arsenate of lead to each 50 gallons 
of the bordeaux, just as the very first webs are spun, about three to five 
days after blooming nicely starts and again in ten days if necessary, 
and once more just before the grape berries touch in the cluster, so 
that a spray may still be forced in between the separate berries. 

The Kedzie mixture seems preferable to arsenate of lead for the control 
of berry moth. 

For leaf-hoppers,—sometimes incorrectly called “Thrips,” use nicotine- 
sulphate and bordeaux, at the rate of one pint of the nicotine to 100 
gallons of bordeaux and apply just before the first nymphs change to 
the winged stage. Unfortunately the eggs, which are laid in the tissue 
of the underside of the leaves, do not.all hatch at once and it is de- 
sirable to wait until the last moment in order to let as many as pos- 
sible of the eggs hatch, some time between mid June and mid July. I 
may even be necessary to repeat this spray if the young wingless nymphs 
continue to appear. Success will depend on the thoroughness of appli- 
cation since each insect must be directly hit to be killed. 

These insects winter under rubbish, often at a distance from the 
vines and the destruction by fire of all fallen leaves and other rubbish 
will prove a very important factor in the control of the pest. 

For Climbing Cut-worms,—use tree tanglefoot on the vines, posts and 
wires. Also sprinkle poison bran bait near ae bases of the vines. 
(‘See page 427.) . 


CURRANTS AND G@oosinunktn: 


San Jose and European fruit-scale are found on currants although 
seldom on gooseberries. Inspect carefully for them and if found, spray 
before erowth starts with lime-sulphur (614 to 50). 

Summer Sprays. Just as the leaves are expanding, spray with bor- 
deaux to which add one pound of arsenate of lead powder to every 50 
gallons. (Recent experiments of this Station have demonstrated that 
lime-sulphur is not as efficient in controlling the fungous troubles on 
currants and gooseberries as bordeaux). 

Repeat the above spray when the fruit is about one-fourth grown. 

If “worms” trouble the foliage or fruit after this time and before 
the fruit is harvested, use hellebore. 

Leaf bugs and aphids,—may appear, either one or both together. When 
they do, spray with nicotine-sulphate while the bugs are red and wing- 
less and before the leaves have become curled. Spray upward from 
beneath. 

Gooseberry mildew,—is a fungous disease that is especially trouble- 
some on such English varieties as Industry, Columbus and Chautauqua. 
Spray with bordeaux. Begin when the buds start and repeat every 10 
days to two weeks until near picking time. 

When pruning,—if a cane shows discolored pith when cut, it may 
indicate the cane-borer. Cut back to sound pith. Burn trimmings 
immediately. 

Wilted foliage,—at any time may indicate the cane-borer. Cut out 
and burn. 
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RASPBERRIES, BLACKBERRIES AND DEWBERRIES. 


Red raspberries, especially Cuthbert and Marlboro, frequently show 
curled, distorted or mottled foliage. These are the signs of leaf-curl 
and mosaic. Such plants are diseased and are a menace to other plants 


L 


Fig. 8. Raspberry curl. Plants affected with this disease should be removed and burned. 


| 


in the plantation. They should be dug up with all their roots and suck- 
ers and burned. Such diseased plants should be dug out in the early 
half of the season to prevent spread of the disease by insects (aphids). 
New plantations should be set only from shoots of healthy plants. 

A similar disease of black raspberries in which the nodes are 
shortened, the leaves curled and distorted, has destroyed many planta- 
tions. Eliminate all suspicious plants and use for new plantings only 
stock from healthy sources. 

Crown gall, which shows up as a swollen, distorted knot on canes 
and crowns is very serious on raspberries and blackberries and diseased 
stock should never be used. 

Anthracnose,—a common and troublesome disease especially of black 
raspberries and blackberries, identified by the grayish spots generally 
near the bases of the canes. Recent spraying experiments prove the 
necessity of three applications of lime-sulphur solution to control it, 
applied—first,—in early spring just before growth begins, using 214 
gallons testing 33° Beaume, to 50 of water; second,—when the new 
canes are six to eight inches long, using 1 gallon to 50; third,—just 
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before blossoming, at the same rate as previous spray. The removal 
of all grass, weeds and trash in the plant rows, keeping them clean and 
well cultivated, will help to prevent this disease. 

Orange Rust may appear in May or June. It is easily identified by 
the bright orange color on the under sides of the leaves. There is no 
method of preventing this trouble. As soon as it is found, the bush 
should be dug out and burned. If allowed to remain the disease will 
spread and destroy many plants. Secure disease free plants in starting 
new plantations. . 

“Worms” or “Slugs’,—may appear at any time. Spray with an 
arsenical if early in the season, but if near picking time, use hellebore 
or pyrethrum. 

Cut out and burn gouty galls, tree-cricket eggs. and borers in stems. 


STRAWBERRIES. 


Kxamine the young plants before setting them. Pick off all dis- 
colored or diseased leaves. If root-lice are suspected dip the root in 
strong nicotine solution. 

After the growth starts, spray with bordeaux and an _ arsenical 
poison to prevent the leaf-spot, and to destroy the leaf-roller insect that 
may be present. 

For fruiting plantations, spray with bordeaux before blossoming, and 
repeat ten days to two weeks later after blossoming. After fruiting, 
ifthe bed is to be fruited again, mow and burn over quickly (as on a 
day when there is a wind, to avoid burning the crowns of the plants). 
If Leaf-Rollers have been present in the immediate past, spray with 
poison aftr the growth ‘has started again, but before the leaves curl. 

For Strawberry Root-Louse,— be sure to set out clean plants, dipping 
the roots in a wash of nicotine-sulphate when necessary, using one pint 
to 100 gallons of soapy water and setting on land which was under in- 
tensive cultivation when possible in order to avoid the presence. of ants 
in the soil. 


POTATOES. 


For the Blight and “Bugs,”—begin spraying with bordeaux-mixture 
and poison when the “bugs” first appear, or when the plants are about 
eight inches high, and repeat about every two weeks as long as the 
plants are growing. Spray often in warm, muggy weather; fewer 
sprayings are necessary in dry weather. 

Use bordeaux-mixture (4 pounds copper-sulphate and 4 pounds of 
unslaked lime or 6 pounds of hydrated lime to 50 gallons of water), 
and put in poison,—about 1 pound of the powdered arsenate of calcium. 
or 1 quart of the stock solution of Kedzie-mixture. This amount of 
Kedzie-mixture is equivalent to 44 pound of Paris-green. Some growers 
prefer to use even more than this. Arsenate of lead at the rate of 2 
pounds to 50 gallons of bordeaux is extensively used but it costs much 
more than either of the poisons noted. 

Potato Aphis. During wet summers and especially during those that 
follow cold, wet springs, the potato-louse is apt to appear. This potato 
louse is not such a difficult insect to kill if one can only reach it with 
a spray. The difficulty comes from the fact that it hides under the 
foliage of the potato, and that the spray must be directed upward from 
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beneath in order to hit any large proportion of the lice. Several de- 
vices have been made for bringing about this result. The spray most 
efficient is the ordinary 40 per cent nicotine-sulphate, used at the rate 
of 1 pint to 100 gallons of water with 3 or 4 pounds of laundry soap 
added. When expedient one may use the nicotine-sulphate in bordeaux 
(without soap). 


Fig. 9. Potato leaf showing hopper-burn. 


The Gray Field-Slug,—(Limax agrestis) of Europe has finally become 
established in Michigan. It is a snail, less than 34 inch long, without 
a shell, and it flourishes in moist places, feeding mostly at night on 
lettuce, celery, potatoes (the tubers) and other vegetables. Poison 
bran bait is the best that can be done for it at this time. Scatter the 
bait in the vicinity of plants to be protected. (The Giant Slug is also 
present in Michigan but has not become widespread as yet). 

Potato Leaf-Hopper,—the tiny, active leaf-hopper of potatoes is the 
cause of hopper-burn, also known as tip-burn. This insect is easily 
killed, before it gets its wings, when hit by a spray of nicotine-sulphate 
but in our fields adult winged individuals are constantly coming in,— 
just about as fast as we can kill them—we have no entirely satisfactory 
repellant but probably the best that we have is bordeaux. A coat of 
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bordeaux-mixture on both the upper and lower surfaces of the leaves 
is really the best protection to be had at present. It acts as a repellant 
but does not cause the death of the hoppers. The spray should be ap- 
plied upon the first appearance of the hoppers and continued at in- 
tervals as long as they remain, with the addition of arsenate of calcium 
or of Kedzie-mixture for flea-beetles and the Colorado potato-beetle. 


TOMATOES. 


Leaf Blight,—this disease can be prevented by the proper use of bor- 
deaux. The standard 4-4-50 formula is the strength most commonly 
used. The first application should be made while the plants are in 
the seed-bed or cold-frame. The second spraying should be made soon 
after the plants are set in the field. This should be followed by addi- 
tional sprayings every ten days or two weeks until the fruit begins to 
ripen. During wet seasons more and later sprayings are necessary than 
when the weather is comparatively dry. 

Flea-Beetles,—small, black flea-beetles sometimes appear and eat pits 
in the foliage of the tomato plant. The easiest way to control them is 
to spray with bordeaux-mixture and arsenate of lead in the ordinary 
way. Such sprays, of course, must not be continued after the fruit 
begins to get very large. 

Tomato Worms, the large green “worms” that devour the leaves of the 
tomato plants can be controlled when the worms are small by a spray 
of arsenate of lead applied in the ordinary way. 


MUSKMELONS AND CUCUMBERS. 


Several insects interfere with the welfare of cucumber and melon 
vines. The Cucumber Beetle (striped) feeds on the leaves, and 
the young tunnel as grubs in the roots. Plant more seeds than are 
needed to produce vines and thin out the injured plants; also dust with 
hydrated lime and flour of sulphur (one of sulphur to five or six of 
lime), through coarse cloth. Some prefer turpentine, 2 or 3 tablespoon- 
fuls to a 12-quart pail of hydrated lime. 

The Cucumber Louse,—usually starts in a few hills and then spreads 
over the field,—cold, wet weather being favorable to the louse. Some 
prefer to bury the first few vines attacked to retard spreading. A good 
spray is Persian insect powder, 44 ounce to a gallon of water; also 
nicotine-sulphate, 14 pint to 50 gallons of water, if 40 per cent sulphate 
is used, spraying upward from beneath. The difficulty les in getting 
the spray on to the lice. Each louse must be fairly hit to be killed. 

The Large Black Squash-Bug,—or stink-bug, not only feeds on vines, 
but probably also carries the wilt. It may be trapped on cold nights 
under pieces of board and dropped into a can of water, having a little 
kerosene on top. 


PREPARATION OF Spray MIxrurReEs. 


Commercial Lime-Sulphur. Commercial lime-sulphur solution is now 
very generally used by Michigan fruit growers. A few growers, how- 
ever, find it desirable to make their own concentrated lime-sulphur 
solution although most growers feel that the convenience of obtaining 
the commercial concentrated solution outweighs the advantage of the 
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homemade product. ‘Those desiring to make their own concentrated 
lime-sulphur solution may obtain detailed directions by writing to the 
Entomological Department. 

The Agricultural Laws of Michigan require the manufacturer to 
state plainly on each package of spray material “the correct names and 
percentage amounts of each and every ingredient of the insecticide or 
fungicide having insecticidal or fungicidal properties and the total 
percentage of inert ingredients present.” 

The “strength” or “Beaume Test” in concentrated lime-sulphur may 
be known from the “Total per cent Sulphur” given on the label of the 
commercial manufacturer. 

When Total Percent Sulphur is 26, Beaume Test is 33. 

When Total Percent Sulphur is 25, Beaume Test is 32. 

When Total Percent Sulphur is 24, Beaume Test is 31. 

When Total Percent Sulphur is es Beaume Test is 30. 

When Total Percent Sulphur is 22, Beaume Test is 29. 

When Total Percent Sulphur is 21, Beaume Test is 28. 

A Beaume hydrometer may be purchased from dealers in druggists’ 
supplies. 


SELF-BOILED LIME-SULPHUR MIXTURE. 


This material is used particularly for summer sprays on tender 
foliage fruits such as peaches and Japanese plums. The formula is: 


Lumpy ime eis e cee te ces eee 8 pounds 
Sulphur: csc2a ota Set ee eee 8 pounds 
Watertisc.eue er aa son: ann ere eee 50 gallons 


The mixture can be prepared better by using 32 pounds of lime, 32 
pounds of sulphur, and 8 or 10 gallons of water, and then diluting to 
200 gallons. 

Place the lime in a barrel and add enough water to almost cover it. 
As soon as vigorous slaking develops, sift in the sulphur stirring vigor- 
ously, or better still, add the sulphur which has previously been sifted 
and mixed with water into, a thick paste, by adding slight amounts and 
stirring vigorously. Stir constantly and add enough water to make 
a thick paste and then, gradually, a thin paste. As soon as the slaking 
of the lime has vigorously boiled the sulphur for about five minutes, 
cold water should be added to cool the mixture and prevent further 
cooking. It is then ready to be strained into the spray tank, diluted 
up to the full formula and used. 

Care must be taken not to allow the boiling to proceed too far,— 
if the mixture remains hot for fifteen or twenty minutes after the slak- 
ing is completed, too much sulphur will go into solution and injury 
to. the foliage may result. 

The time of adding the cold water to stop the boiling depends upon 
the lime. With a sluggish lime all the heat in it may be needed, while 
with the limes that become intensely hot, care must be taken not to 
allow the boiling to proceed too far. 


BORDEAUX-MIXTURE, 


Bordeaux-mixture is made of copper-sulphate, lime and water. 
These three substances are combined in yarious proportions, depend- 
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ing upon the kind of plant to be treated. For apples, pears, cherries, 
grapes and plums (except Japanese varieties) the proportion is usually 
four pounds of copper-sulphate, with about the same amount of lump 
lime, (unslaked lime) to fifty gallons of water. When hydrated lime 
is used, use six pounds instead of four. Poison is added as needed. 
The copper-sulphate will readily dissolve in two gallons of hot water, to 
which should be added enough water to make 25 gallons, or one-half 
barrel. -Do not use an iron or tin vessel to dissolve this in, as the 
copper-sulphate will destroy it, and besides, the iron will spoil the 
bordeaux. A wooden pail is good. Slake the lime into a thin paste 
and add water to make 25 gallons. Pour, or let these run together 
into a third barrel, and the bordeaux is made. When it is emptied 
into the spray barrel or tank, it should be strained through a brass 
wire strainer to catch any of the coarse particles. 

Whenever it is necessary to use a quantity of the mixture, it is de- 
sirable to have the lime and copper-sulphate in “stock solutions.” <A 
quantity of lime is slaked to a paste and held so by being covered with 
water. The copper-sulphate, say 50 pounds, is placed in a clean gunny 
sack and suspended in a barrel (one with wooden hoops is much to be 
preferred) containing 25 gallons of water. This will dissolve in about 
a day. One gallon of this “stock solution’”* is equal to two pounds of 
copper-sulphate. 

A good quick way to combine these three substances is as follows: 

Put the amount of the “stock solution” of copper-sulphate required 
in a barrel, and add enough water to make 25 gallons, or one-half barrel. 
Put about seven pounds of the lime paste in a barrel and add 25 gal- 
lons of water, making a thin whitewash. Pour, or let these two run 
together into a third barrel, or directly into the spray barrel or tank, 
being sure to strain. If arsenate of lead, or any other poison is to be 
used, make it into a thin paste with a little water and add it to the 
bordeaux-mixture, which is now ready to be used. 


COPPER-SULPHATE SOLUTION. 


Copper-sulphate solution is copper-sulphate dissolved in water. It 
is used by some growers to spray peaches, plums and grapes to prevent 
rot,—when it appears just before harvest. One pound of copper-sul- 
phate to 100 to 200 gallons of water is used, depending upon the sus- 
ceptibility of the foliage to spray injury. 

Prepared Bordeaux. There are many brands of prepared bordeaux- 
mixtures upon the market, sold under various proprietary names. 
Some of them also contain arsenical poisons. Up to this time we have 
been convinced by experience that a freshly combined homemade _bor- 
deaux is superior to anything else in controlling fungous diseases. 


StToMAcH PorISoNs. 


For Insects that Chew 
ARSENATE OF LEAD. 
This poison is used very extensively. The powdered form is most 
- commonly handled at the present time and in the formulas of sprays 


*Always stir this “stock solution’? before dipping any out, in order that what is used 
may be full strength. 
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recommended in this bulletin the amount of arsenate recommended is 
considered to be in the powdered form. When the paste form is used, 
twice the weight of the powder is required. When using arsenate of 
lead alone on stone-fruits, from three to five pounds of freshly slaked 
or of hydrated lime, to each 50 gallons of the spray, may be added to 
prevent foliage burning. Arsenate of lead may be mixed with lime- 
sulphur, bordeaux or any of the other common fungicides to make a com- 
bination spray. 


PARIS-GREEN AND LIME. 


Never mix Paris-green-with lime-sulphur in any form. Paris-green 
can, however, be used with bordeaux-mixture with safety. 

For spraying from a barrel, the writer has found the following 
method very useful: Place from 14 to one pound of good lump lime, or 
unslaked lime, in each of three or four tin pails which will hold about 
three quarts or less. Old cans or crocks will answer just as well. 
Add enough hot water to slake it into a thin cream or paste. Now add 
to each lot 14 pound of Paris-green, previously weighed out, and placed 
in a paper bag; stir in the Paris-green while the lime is hot and allow 
to.stand for some time. Now measure out about 44 gallons of water in 
your spraying barrel, and make a mark that will show how high it 
comes in the barrel; add the contents of one tin pail (viz. 14 pound of 
Paris-green and 14 pound of quick-lime slaked) into the 44 gallons of 
* water in the barrel. Stir well and spray. The pails or crocks can be 
used one at a time and re-filled from time to time so that the stock 
is always on hand ready for use. 


ARSENATE OF CALCIUM—KEDZIE MIXTURE. 


This mixture, originated by the late Dr. R. C. Kedzie of this Station, 
is cheap, but it has the disadvantage of lacking a warning color. It 
must be made with care, and stored in well-labeled jugs. It is made of 
white arsenic (not arsenate of lead) and carbonate of soda. 

Dr. Kedzie in giving directions for its preparation states:—“Dis- 
solve the arsenic by boiling with carbonate of soda, and thus insure 
complete solution; which solution can be kept ready to make a spray- 
ing solution. whenever needed. To make the material boil two pounds 
of white arsenic with eight (8) pounds of sal-soda (crystals of car- 
bonate of soda—‘washing soda’—found in every grocery and drug 
shop) in two gallons of water. Boil these materials in any iron pot 
not used for other purposes. Boil for fifteen minutes or until the 
arsenic dissolves, leaving only a small muddy sediment. Put this solu- 
tion into a two-gallon jug and label, ‘Poison, stock material for spray- 
ing mixture’ ”. 

“The spraying mixture can be prepared whenever required, and in 
the quantity needed at the time by slaking two pounds of stone or lump 
lime,* adding this to forty gallons of water; pour into this a pint of 
the stock arsenic solution. Mix by stirring thoroughly, and the spray- 
ing mixture is ready for use. The arsenic in this mixture is equivalent 
to four ounces of Paris-green.” 


*Three pounds of fresh hydrated lime may be made to take the place of the two pounds 
of stone or lump lime. 
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The jug, pot, etc., must never be used for any other purpose after 
using it for making this mixture.” 

If an additional pound or two of lime be added to the mixture it 
will help to make the application permanent and conspicuous without 
in any way interfering with its effect. 

The final product obtained in the spraying tank is arsenite of 
calcium (not arsenate of calcium) which kills more quickly than 
arsenate of lead or arsenate of calcium. The formula given above was 
designed for spraying fruit trees but we are not at this time recom- 
mending its use for that purpose. When this poison is used for pota- 
toes, use twice as much of the stock solution, or 1 quart to 40 gallons 
of water. Some potato growers prefer to use it even stronger than this. 


ARSENATE OF CALCIUM. 


This spraying material is sold in the form of a fine white powder. 
It normally costs a little less than arsenate of lead and goes about twice 
as far. We are not at present recommending its pse on fruit trees be- 
cause of a delayed burning effect that is apt to follow the application, 
but we do find it very satisfactory when used on potatoes which seem 
to stand it very well. It works more quickly than arsenate of lead and 
is more evenly distributed than Paris-green. Furthermore it is produced 
in a much finer powder than the last named poison and is less prone to 
drip off when applied in a coarse spray. 
. From 34 of a pound to one pound may be used with bordeaux or fresh- 
ly slacked lime to 50 gallons of water for potatoes and some growers 
use even a little more. 


Contact INSECTICIDES. 
For Insects That Suck 


NICOTINE. 


The insecticide most generally used for the summer spraying of 
sucking insects, at the present time, is nicotine. Nicotine is a clear, 
colorless, odorless material when pure, although the commercial pre- 
parations contain impurities which impart both odors and color to the 
spray. It is marketed in two forms: the volatile, plain nicotine and 
the non-volatile nicotine-sulphate. For use in greenhouses and forcing 
houses, the volatile, plain nicotine is preferable because it disappears 
rather rapidly from the plants treated without leaving any deposit 
which would be dangerous or offensive. For out-door work, however, 
the sulphate is much to be preferred, since it is stable and does not 
evaporate and pass off into the air for a considerable length of time, 
at least. A favorite strength for marketing nicotine is 40 per cent, 
although some of the plain nicotines are put out at 10 per cent and 
Some even stronger than 40 per cent. All references to nicotine made 
in this bulletin refer to the use of 40 per cent nicotine-sulphate since 
the bulletin deals with outside spraying and is not intended to include 
remedies for crops grown under glass or for vegetables such as lettuce, 
where the sprayed part is to be eaten soon after the application. Nico- 
_tine-sulphate may be stirred into the dilute lime-sulphur or arsenate of 
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lead or a combination of the two immediately before the spray is ap- 
plied. It should not be stirred in and allowed to stand before the ap- 
plication is made. In case nicotine is used in combination with any 
liquids other than water, soap should never be added. In case, however, 
nicotine is used by itself alone and diluted with water, soap adds 
greatly to its efficiency by causing it to spread better and perhaps in 
other ways. The favorite strength used in orchards and small fruit 
spraying is one part to 800, in other words, one pint to 100 gallons 
of water with three or four pounds of soap, or one pint to 100 gallons 
of dilute lime-sulphur without soap. Some growers dilute the nicotine 
still further, using one part to 1,000 of water or other spraying ma- 
terial. Of course, if one uses 10 per cent nicotine, one should use four 
times as much of it as if 40 per cent nicotine is employed, and any 
strengths of nicotine other than those mentioned should be diluted in 
proportion to their strengths. 


KEROSENE EMULSION. 


Place two gallons of ordinary kerosene in a warm place, either in a 
warm room or in the sun, and allow to become as warm as possible 
without danger from fire. Boil one pound of laundry soap or whale 
oil soap in a gallon of soft water until completely dissolved. Remove 
the soap solution from the fire, and while still boiling hot, add the kero- 
sene and agitate vigorously for 10 minutes, or until the oil is emulsi- 
fied, with a spraying pump by forcing the liquid back into the vessel 
from which it was pumped. When the liquid is perfectly emulsified, it 
will appear creamy in color and will flow evenly down the side of the 
vessel when allowed to do so. Care should be taken to completely 
emulsify the oil and this is accomplished much more easily when the 
mixture is hot. 

This strong emulsion may now be readily diluted with water and 
used. If the water is at all hard, “break” it by adding a little sal-soda 
before putting in the soap. 

Small amounts of this emulsion may be made by using the ingre- 
dients in small quantities, but in the same relative proportion. It is 
used at the rate of 8 or 10 parts of water to 1 part of emulsion. 


HELLEBORE. 


White hellebore is the powdered root of a plant. It kills both by 
contact and as an internal poison. It may be applied either dry or in 
the form of a liquid. When used dry it should be mixed with three or 
four times its weight of flour, hydrated-lime or of plaster and then 
dusted on the insects. Applied wet, one pound should be mixed with 
twenty-five gallons of water and this liquid applied as a spray. 


INSECT POWDER, BUHACH, PYRETHRUM. 


This valuable remedy has one drawback—its cost. It is too expen- 
sive for use on a large scale. It kills insects through their breathing 
pores, but is harmless to man and beast. It will kill many of the in- 
sects of the garden if dusted on or applied as a spray at the rate of one 
ounce to two gallons of water. 

Use this powder when it is undesirable to use a permanent poison, 
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but never buy any unless it comes in tightly sealed packages. It loses 
its strength on short exposure to the air. An hour will suffice to weaken 
it. It must be applied from time to time, as it quickly loses its strength. 


HYDRATED LIME. 


Fresh hydrated-lime is sometimes useful, because of its slight 
caustic properties. It is especially useful against such larvae of saw- 
flies and beetles as are sticky, as well as those of the cherry-slug and 
of the asparagus-beetle. The lime may be dusted on and used as a 
substitute for a poison if the latter for some reason is undesirable. This 
is not to be confused with ground quick-lime, which is used in making 
bordeaux-mixture, the latter being very caustic and likely to burn the 
foliage. Nor should hydrated-lime be confused with air-slaked lime, 
since the latter is not caustic at all. Hydrated-lime, when dusted on 
‘sticky larvae, clings to their bodies and attacks them through their 
skins. 


Poison Bran (KANSAS Bair). 


This is especially useful for combating cut-worms. Sift together 
‘one pound of Paris-green or 34 pound of white arsenic (not arsenate of 
lead) and 20 pounds of bran; add half a gallon of molasses or syrup and 
a little water and add a small quantity of ethyl acetate (acetic ether) 
or amyl acetate, which has the odor of bananas,—enough to distinctly 
scent the bait. This may be broadcasted over from two to five acres 
of land. It is very attractive to both cut-worms and to grasshoppers. 
Do not try to substitute any other poison for the Paris-green or white 
arsenic. Neither arsenate of lead nor arsenate of calcium will do the 
work unless large quantities of the poison are used. Neither should one 
use this bait where poultry are likely to pick up much of it, although the 
bait should be distributed in a finely broken up condition rather than in 
lumps. 


CRIDDLE MIXTURE. 


Criddle-mixture is horse-manure mixed with an arsenical, and 
slightly salted. It is to be distributed about the field in small masses, 
and is especially useful in combating grasshoppers, as it takes ad- 
vantage of their well known love of salt. The proportions are as fol- 
lows: Paris-green, one pound, or white arsenic, one pound; salt, two 
pounds; fresh horse-manure, 100 pounds or five three-gallon pailfuls. 
The salt is dissolved in a pail of water, the poison stirred in, and the 
whole mixed with the horse-manure in a half barrel. 


SAWDUST—GRASSHOPPER BAIT. 


Into a bushel of fresh hard-wood sawdust pour and thoroughly mix 
a mixture made as follows:—one gallon of water, one pound of white 
arsenic, (not arsenate of lead or calcium), a cup of molasses and one 
pound of salt. Add an ounce or so of either ethyl acetate or amyl 
acetate,—the former has the odor of pomace and the latter the odor 
of bananas, and either one is attractive to grasshoppers. Add enough 
water to produce a good stiff mash and broadcast. The ethyl acetate 
and amyl acetate are not absolutely necessary but they do make the 
bait attractive. 
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COMPOUND SOLUTION OF CRESOL. 


For sterilizing knives, saws, shears and other tools, nothing is better 
than compound solution of cresol used at the rate of from two or five 
per cent in water. It has the advantage that it helps cleanse the tools 
and softens dirt that might otherwise cling to them. It is useful for 
cleansing and sterilizing tools used in pruning where diseases are pres- 
ent, and for sterilizing the knife used in cutting out peach-borers, in 
order to avoid distributing crown-gall through the orchard. . 


POISONED SYRUP FOR ONION MAGGOT. 


Dissolve five grams or 14 ounce of sodium arsenate in one gallon of 
hot water and add half a pint of New Orleans molasses. Distribute a 
small amount of this in small. basins covered with wire screen of just 
small enough mesh to keep out bees, using 15 or 20 of these basins to the 
acre, and put the pans in position just as the onions begin to nicely get 
through the ground, keeping them replenished until the danger is past. 
The efficiency of this bait is increased if a slice of onion is added to the 
syrup in each pan. 

Two tablespoonsful of the stock solution of Kedzie-mixture will take 
the place of the five grams of arsenate of soda. 


CAUTIONS. 


Do not spray while plants are in bloom. It is prohibited by law, 
except when canker-worm is present, and may destroy bees and other 
beneficial insects. | 

Do not dissolve copper-sulphate in an iron or tin vessel. It will 
ruin the vessel and spoil the spraying solution. 

For all spraying solutions containing copper-sulphate, the pump 
must be brass or porcelain lined. 

Wash out pump and entire outfit each time after using. 

Use arsenate of lead with lime on stone fruits in preference to other 
forms of arsenical poisons. It is less liable to burn the foliage. 

Do not spray fruits or plants with poison within a month of the 
time they are to be picked. 

Keep all “stock solutions” covered to prevent evaporation, and oxi- 
dation. If a “spray gun” is used try to do the work when the mixture 
will dry on the tree quickly. 

Do not use lime-sulphur solution as a summer spray for grapes, 
potatoes or tomatoes. 

Do not use Paris-green or Kedzie-mixture in combination with lime- 
sulphur sprays. 
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TABLE OF DILUTIONS FOR CONCENTRATED LIME SULPHUR WASH 


To spray for San Jose and other scale insects when | 


plants are dormant or just before buds open Summer spraying for apples and European plums. 
in spring. 
Amount below Amount below 
If Beaume test is should be diluted If Beaume test is should be diluted 
to 50 gallons to 50 gallons 
SBISSEOS GCOS pitt eree GlZ PallONS ac. ccserers, 6.275 SS> SALOD eS Lee mcyaeners susl sr 11% gallons 
By oS big DCE Oe 6% gallons........... SON 2SIOL- 2S scrie ce setae 1% gallons 
RSPR acct Ra icfehaoy sp tkeeualis sone G24 PallOns aeracccc cre a 20) DOOLE2Os. diaeeyajeia wise 1%4 gallons 
op OSS ORR CRE PO uOsO te Ballons 355.5 srastas DASA Do OD seats retete cero 2 gallons 
ORG eA ioidks cs Paiste a a's tere ove MAGrEalOns se ace es tee Z1F 2O0"OT Oe oe. woes 2% gallons 
Baha collet « Capala 5) aranetnpe MSA CANONS cre, Sita exe. scee 
Mey eta s ice a Suwanee Si pallons. sees ee: —-+3 1S 
PAG os is SvdtoceS aie "ee 8, Kia eis Bs7m Ballons scree es scares 
rE Pe ne Too 0) oe oe Le ke PMLODS fees orale: Summer Spraying for Pears 
Ot eS oe 91% gallons........... 
PM ee cle Sy sree sds: Soa e\'ero. 3 934 gallons:..0o.. jo. 
Pes cee RES Ca ROTEL TE LOD pallonss sea. 
Dib ACCES OIC a IeRCR RESETS 10% gallons........... SS SoLOLS Liss, ace sss 1 gallon 
oA elm CEICIO AIR COIR RCI ROE NOS AN OMS soci iorcecl) BOs SOlOL 2S... o/sie. 0 wleketete 1% gallons 
Penne Save, whsvore ae a cuales eA pallonss A255 6. eet o4. Za 2OWOLI2 De ioratere sos) ore 1% gallons 
MS erererctstenteteletels, 5 'yers ss: s.e% Mea ee alOnS ee seer rac ceeds POLOLLLL: oclayenne cones 134 gallons 
LU (CAMEL O ODIO EEOC OIE U2 wallonse cs. .o: ces PAN SOA VC 081 ee Ae Re one 2 ~ gallons 


Summer Spraying for Cherries 


SEYEPA OB all Setadiccnd 1% gallons 
30, 29500 2Bihie sons sees 134 gallons 
D7 2G OLD t-te ter 2 gallons 
DAM LOL 2 de ancieyoin acces 21% gallons 


Zi ZOOLELO wise daloie tens 21% gallons 


DUSTING AND SPRAYING EXPERIMENTS OF 


1920 AND 1921. 
Special Bulletin No. 115. 
BY W. C. DUTTON AND STANLEY JOHNSTON. 


Prr-PINK SPRAYING OF APPLES. 


The general recommendation and practice of growers in Michigan for the 
control of apple scab have not included any application before the blossom 
buds have separated in the cluster. A few growers have delayed the dormant 
application until the blossom buds were first swelling, thinking it to be bene- 
ficial in controlling scab when applied at that time. An occasional grower 
has followed the practice of making an application when the buds had ad- 
vanced far enough for each bud to be easily seen but before they had sepa- 

-rated in the clusters. This is the stage of development referred to hereafter 
as the “pre-pink”’ stage. 

Studies made in several dusting and spraying experiments during 1920 
and 1921 indicated that, in many instances, scab infection had occurred 
previously to the time the pink or cluster application was made. 


Life history of scab. Apple scab is carried through the winter on the 
leaves which have dropped to the ground the previous fall. As soon as the 
leaf drops, the scab mycelium spreads from the infected spots to all parts of 
the leaf. In the autumn and early spring, organs known as perithecia are 
formed and in these perithecia the spores develop and mature, ready to be 
discharged when conditions are right. The discharge of these spores depends 
upon their maturity and the occurrence of rainy periods after they are mature. 
They may become mature but remain in the leaf for some time because of 
the prevalence of dry weather. 


Spore discharge studies. The general recommendation that the first 
spray application be made after the buds had separated in the cluster has 
been based on the supposed fact that these spores were not mature and 
hence could not be discharged until after the buds had reached the cluster 
stage. Studies made in several experiments indicated that scab infections 
were occurring earlier than the cluster stage. 

An experiment was planned for 1921 to determine if a pre-pink application 
’ is necessary. Information was desired as to the exact time the spores are 
mature and may be discharged, and studies to obtain this information were 
made by C. W. Bennett of the Botanical Section. A report of these studies 
is not to be included here but a brief statement of results may well be made. 

The Duchess orchard on the farm of Mr. J. C. Maynard, of Grand Rapids, 
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was to be used for the “‘pre-pink”’ spraying experiment and leaves from this 
orchard were collected daily and sent to Mr. Bennett who examined them to 
determine the condition and degree of development of the scab spores. 
Many spores were mature by April 4, when the first leaves were collected and 
by April 21 practically all were mature. The first spore discharge occurred 
on April 21 but the blossom buds did not separate in the cluster until April 
26. The temperature was comparatively high from April 2 to 7 inclusive 
and the buds were forced into the ‘‘pre-pink” stage by this period of high 
temperature. From April 8 to 19 the temperature was low and the ground 
was covered with snow part of the time. The buds advanced very little dur- 
ing this period but the temperature was again high from April 20 to 30 and 
the buds developed rapidly. There were frequent rains during this period 
and Mr. Bennett’s studies show that most of the spores were discharged 


Fig. 1.—A cluster of blossom buds in a desirable Fig. 2.—The pink or cluster stage, when apples should 
stage of development for the ‘‘ pre-pink”’ always be sprayed regardless of whether or not 
application. they have received a ‘‘pre-pink”’’ application. 


between April 21 and 28. Trees in this orchard which did not receive the 
pre-pink application were unprotected during the greater part of the first 
period of spore discharge. 

The studies discussed in the foregoing paragraph refer only to the first or 
primary discharge of spores from the old leaves and has no reference to the 
later formation of a different type of spores on new leaves and fruit. 


‘Spraying experiments. The Maynard Duchess orchard, from which the 
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leaves for spore discharge studies were secured, was used for a spraying 
experiment planned to get more definite information as to the value of the 
pre-pink application on scab control. The trees in this orchard were about 
seventeen years old. 


Schedules of applications made. Twoplotsof about fifty trees each were 
sprayed according to the schedules here given: 


Plot I. Sprayed according to ‘“‘regular” schedule. 

1st. When buds had separated in the clusters. 

-2nd. When petals had fallen. 

3rd. Two weeks after the second application. 
Plot II. Sprayed according to ‘‘pre-pink”’ schedule. 

ist. When buds were in the “pre-pink”’ stage. 

2nd. When buds had separated in the clusters. 

3rd. When petals had fallen. 

4th. Two weeks after the previous application. 
Plot III. Check. No treatment. 


Both sprayed plots were treated in exactly the same manner except that 
one received the “pre-pink”’ application and the other did not. Lime- 
sulphur solution, 114-50,* was used on both plots for all applications. Lead 
arsenate powder was also used for all applications except the “‘pre-pink”’. 

The various applications were made on the dates here listed: 


‘““Pre-pink”’ application April 8 

Pink or cluster application April 26 

Calyx application May 12 

Two weeks application May 27 and 30 


Referring back to the spore discharge studies we find that no spores were 
discharged for some time after the “‘pre-pink”’ application and the conclusion 
might be made that this application was put on too early as the first spores 
were not discharged until April 21. This is explained by the fact that from 
April 8 to 20 the temperature was so low that the blossom buds did not 
advance. The warmer weather which followed forced the buds out quickly 
and apparently at the same time hastened the discharge of scab spores. The 
relation of temperature to spore discharge is probably very close but there 
is little information available concerning this. There was rainfall on April 
21 and 22. The twenty-third was very warm and there was a hard rain 
again on April 25. The buds had separated in the cluster on the twenty- 
fifth but the cluster application could not be made until the twenty-sixth 
because of the rain. The buds were in condition for the cluster application 
for three days beginning with the twenty-fifth. 


RESULTS. 


Adverse weather conditions greatly reduced the crop but there was enough 
fruit produced to get definite results. An epidemic of blossom blight did 
much damage but there would still have been a fair crop had there not been 
a severe frost on May 16. The results of the counts made of Duchess are 
given in table 1. 

*In this and future discussions, the strength of the lime-sulphur solution is indicated in this manner; 


“114-50”? means that 114 gallons of lime-sulphur solution has been diluted with water to make a total 
of 50 gallons of solution. 
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TABLE 1.—PRE-PINK SPRAYING OF DUCHESS APPLES, 1921 


| 
No. of No. apples Scabby, 


Treatment applications | examined per cent 
(6 t a a ee SE et Ree eee 0 19 100 
PrCpirr SCNCOMIC 4 erties, Soke so ait ls sacs | 3 684 46 
Pre-bimk sChedule. -syee ks eetuae she ees ee 4 642 16 


The ‘“‘pre-pink” application resulted in a marked reduction in the amount 
of scab. Practically all of the 16 per cent of scab on the fruit from the “‘pre- 
pink” plot was in a very inconspicuous form and was not easily recognized 
as such even by careful examination. The scab on the fruit from the plot 
which did not receive the ‘‘pre-pink”’ application was in much larger and 
more conspicuous spots and was easily recognized. 


Observations in other experiments. In several other experiments with 
apples the amount of scab apparently caused by infections previous to the 
pink or cluster application was determined. This type of scab is referred 
to on other pages as “early” scab. The amount of ‘early’ scab varied from 
10 per cent to 30 per cent with the different varieties. On highly susceptible 
varieties such as McIntosh, this form of scab developed into quite large spots 
which were easily noticeable but with a more resistant variety, such as 
Baldwin, the scab spots were small and were not easily detected. 


General observations. The fruit in other orchards which did not receive 
the ‘‘pre-pink” application was studied whenever possible to determine the 
amount of scab which had been caused by early infections. Such observa- 
tions were made at Grand Rapids, Belding, Fennville, Sister’s Lake, South 
Haven and other places and the principal varieties noticed were Duchess, 
Wealthy, Transparent, Chenango, McIntosh and Fameuse. In nearly every 
orchard studied the control of the later infections was very good but in every 
instance there was a noticeable amount of scab which had developed from 
early infections. 


CONCLUSIONS AND RECOMMENDATIONS. 


The results of the experiments and observations here reported indicate 
that a ‘‘pre-pink”’ application is very desirable for the best control of apple 
scab. Further studies as to scab spore discharge and more extensive field 
experiments are desirable and will be continued, but the information available 
now justifies the recommendation of a ‘“‘pre-pink”’ application, particularly 
on susceptible varieties. This application is not to be considered as a ‘‘cure- 
all”? for apple scab but simply is one of the applications necessary in the 
successful prevention of scab. 

All spraying for scab must be considered as ‘‘insurance” and as no grower 
can accurately predict what. weather conditions will prevail during any given 
period, one cannot safely omit the application which would protect the fruit 
and foliage during that period. The period between the ideal ‘‘pre-pink”’ 
stage and the pink or cluster stage may be two days or two weeks in length. 
We do know, however, that rainy weather is apt to prevail and primary 
infection occur before the pink spray. In large orchards it is impossible to 
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make any particular application at exactly the period we consider ideal; 
some have to be sprayed before and some after the ideal period. This would, 
of course, hold true with the ‘‘pre-pink” application and in seasons when 
the temperature is high at this period, it may be necessary to begin the pink 
application as soon as the ‘‘pre-pink” one is finished. 


Material to use. Any of the common fungicides used for summer applica- 
tions may be used for the ‘‘pre-pink”’ application. Bordeaux mixture should 
give satisfactory results at the usual strength. A stronger solution of lime- 
sulphur than is used during the summer may be applied with safety at this 
time. Some growers use it at this time at the rate of 214 gallons in 50 and 
even the full dormant strength has been used without any injury other than 
to burn some of the first leaves which appear with the blossom buds. The 
dormant strength, however, is not recommended for use so late as the “‘pre- 
pink”’ stage as there may be weather conditions under which it would cause 
severe injury to the fruit buds. 


COMPARATIVE DUSTING AND SPRAYING OF APPLES 
AND PEARS. 


EXPERIMENTS WITH APPLES. 


Summary of previous work. Dusting experiments with apples were begun 
in 1915 and have been continued in some form each year. The results of 
these earlier experiments have been published but will be reviewed briefly 
at this time. In 1915 and 1916 the control of apple scab by dusting or 
spraying was not satisfactory in these experiments so that no reliable com- 
parison of the dusting and spraying methods could be made. Both of these 
years were very favorable for the development of scab because of frequent 
and heavy rains. 

In 1917, 1918 and 1919 dusting and spraying gave equally satisfactory 
results in the control of apple scab. Weather conditions, except in 1917, were 
not severe and this may have had some effect on the results. Codling moth 
injury was not in evidence in many of the experiments but where there was 
any infestation the control by dusts was satisfactory. 

In several experiments the foliage of trees in dusted plots was in better 
physical condition than that of sprayed trees. This difference was quite 
marked in some instances and in others there was little difference. 


Object of the experiments. The experiments conducted in 1920 and 1921 
were for the purpose of getting additional information as to the comparative 
value of the dusting and spraying methods of application, in the control of 
apple scab and codling moth, particularly under conditions which had not 
been encountered in earlier work. The effect of dusting materials upon the 
physical condition of the foliage was also to be studied and certain new 
forms of dusting materials were to be compared with the standard sulphur 
dust. 
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EXPERIMENT IN 1920. 


One experiment of this nature was conducted in 1920 in a block of about 
100 twelve-year-old Grimes Golden trees on the farm of Mr. H. E. Hawley 
near South Haven. This block was divided into four plots as follows: 


1. Check—No treatment. 

2. Sprayed—Dilute lime-sulphur and lead arsenate. 
3. Dusted—Sulphur dust, 90-10 mixture. 

4. Dusted—Dehydrated copper sulphate dust. 


The dehydrated copper sulphate dust contained 10 per cent of dehydrated 
copper sulphate.* This material is what has commonly been called the 
‘Sanders dust’’ and was developed by G. E. Sanders of Nova Scotia and has 
given promising results under Nova Scotia conditions. It is made by mixing 
the desired proportions of dehydrated copper sulphate and hydrated lime. 
Poison is added if desired. The dehydrated copper sulphate is prepared by 
heating ordinary copper sulphate (blue vitriol) to drive off the water of 
erystalization. It is then usually ground to produce a uniformly fine powder 
and mixed with the hydrated lime. When dusted on to the tree, it re-absorbs 
water and combines with the lime, making compounds probably similar to 
those obtained by mixing the two materials in water when making ordinary 
bordeaux. The material used in this particular experiment was made up as 
follows: 80 per cent hydrated lime, 10 per cent dehydrated (anhydrous) 
copper sulphate, and 10 per cent lead arsenate. 


Applications. An equal number of applications of all materials were made 
as follows: 


1st. When blossom buds had separated in the clusters. 
2nd. When petals had dropped. 

3rd. ‘Two weeks after second application. 

4th. About August 1. 


All spraying was done with a power sprayer, using a spray gun. All dusting 
materials were applied with a large power duster and from two directions at 
each application. The dust was applied, generally, under favorable condi- 
tions but the foliage was frequently dry at the time the work was done. 


Weather conditions. The season as a whole at South Haven was quite 
dry but there was considerable rainfall very early, about the time the buds 
were expanding, and again late in the summer when there was enough rain 


and fog to make conditions favorable for scab development. 


RESULTS. 


Control of Scab. The development of scab on the fruit of the check trees 
was not serious up to July 1, but it developed rapidly after that date. The 
foliage of the check trees, however, was very scabby at that time and served 
as an excellent source of infection for the fruit. At that time there was very 
little indication of scabby fruit on any of the treated trees and only a little 
infection on the foliage. When the fruit was picked, two average trees from 
each plot were selected as ‘‘count”’ trees. The fruit from them was classified 
into sound, scabby and wormy grades. The scabby grade included all apples 


*This is sometimes called anhydrous or monohydrated copper sulphate. 
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which showed even a very small scab spot. The percentages of the different 
grades are shown in table 2. 


TABLE 2.—DUSTING AND SPRAYING GRIMES GOLDEN, 1920. 


Number Codling 
Material apples Scab, moth, 
examined per cent per cent 
Checkin Greatest wc wes amine ove aie eer ee 1489 89 10.0 
iaime-sulphur Soliton <6 .s Jose p< sees ee he 3518 20 1.9 
DUlpNUh Gust, feo dee es alee e ie te nee eee 2629 22 0.5 
Copper sillphate dust. 2.30 esas Sale 1705 68 5.0 


These figures show the control of scab by lime-sulphur solution and sulphur 
dust to have been practically equal but apparently not entirely satisfactory 
by either. As stated above, any apple which showed even a very small spot 
of scab was counted as ‘‘scabby” and this included many apples which had 
very small scab spots around the calyx. Many of these spots were deter- 
mined to be scab only by close examination and it was improbable that 
apples so affected would be classed as scabby in commercial grading. This 
point is discussed below under the heading of “‘commercial grades’”’. The 
control of scab by the copper sulphate dust was not satisfactory as 68 per cent 
of the fruit from the count trees in this plot was scabby. This failure to 
control scab may have been due to several conditions. First, the percentage 
of copper sulphate in the mixture may not have been high enough; second, 
the dust was not always applied when the trees were wet with rain or dew 
and it is probable that such a condition is desirable with this material; third, 
this material may not be effective on apples under Michigan conditions. 


Control of Codling Moth. The percentage of wormy apples on the check 
trees was not very high, but the control in the lime-sulphur solution and 
sulphur dust plots was quite satisfactory. The proportion of wormy apples 
in the copper sulphate dust plot was high. This dust contained the same 
percentage of lead arsenate as the sulphur dust but a much smaller amount 
per tree was used as the mixture is much lighter than sulphur dust and a given 
quantity covered more trees. It is possible, too, that the sticking properties 
of the copper sulphate dust are not so good as of the sulphur dust. 


Commercial grades. It was very evident that the actual percentages of 
scabby fruit as shown above did not represent the true proportions of the 
different grades as made in commercial packing. The fruit from this orchard 
was graded and packed by the South Haven Fruit Exchange. To get a 
comparison of the experimental counts and the commercial grades, reports 
were secured on one full load from each of the dusted and sprayed plots. 


EXPERIMENT STATION BULLETINS. 437 


TABLE 3.—COM MERCIAL GRADES OF GRIMES GOLDEN, 1920. 


Commercial grades—per cent 


Actual 
Treatment per cent 
of Scab Total 
A B A and B Ciders 
Lime-sulphur solution...... 20 73 12 85 15 
RabpnUr dust. ..”. cece se 22 62 25 85 15 
Copper sulphate dust....... 68 57 22 79 21 


The percentages of ‘‘total A & B” for the lime-sulphur and sulphur dust 
plots were exactly the same. The percentage of ‘‘ciders” from these plots 
was considerably lower than the actual percentage of scabby fruits which 
shows that every apple bearing a scab spot was not graded as a cull. This 
is accounted for in part by the legal tolerance of imperfect apples allowed by 
the grading law and is further accounted for by the fact that many of the 
scab spots were probably not recognized as such when packed. On some of 
the trees there were many small apples which were graded as culls or ciders 
because of small size rather than because of scab or worms. 

The difference in the percentages of A’s between the lime-sulphur and sul- 
phur dust plots was undoubtedly due to a larger proportion of small apples 
in the sulphur-dust plot, which were not affected by the dusting or spraying 
material used. 


The point of this discussion is this. The fact that a given lot of apples 
packs out a certain proportion, 90 per cent for example, of A and B grades, 
does not mean that 90 per cent of the apples were actually free from injury 
by scab or insects or to express it the other way, the percentage of scabby 
and wormy fruit as shown by experimental counts should not be interpreted 
to ae that this percentage of the fruit will be culls when commercially 
graded. 


Effect on foliage and fruit. There was no definite foliage injury by any of 
the materials but the foliage of dusted trees was generally brighter and 
cleaner in appearance than that of the sprayed trees. 


% 
EXPERIMENTS IN 1921. 


Experiments of this nature were conducted in two orchards in 1921, one at 
Fennville on the farm of Mr. P. H. Broe and one in the Grand Traverse 
Peninsula on the farm of C. F. and J. W. Stickney. 


EXPERIMENT AT FENNVILLE. 


The six-year-old Jonathan and Wealthy orchard on the P. H. Broe farm at 
Fennville was used for a comparative test of spraying and dusting. These 
varieties were planted in alternate rows. The trees bore good crops this 
year. 


Materials and applications. The materials used and the periods at which 
they were applied were as follows: 
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1st. When blossom buds had separated in the cluster. 90-10 sulphur dust 
and lime-sulphur, 114-50, with lead arsenate. 

2nd. When petals had dropped using the same materials as for first appli- 
cation. 

3rd. Two weeks after second application using the same materials as 
before. 

Ath. First week in July using the same materials as before. 

5th. July 20 using 90-10 sulphur dust and bordeaux with lead arsenate. 

6th. August 16 using 90-10 sulphur dust. No spraying material was 
applied. 


This list of applications shows that the sprayed plot was covered five and 
the dusted plot six times. The lime-sulphur solution was used in this orchard 
for all applications except the last, because of the tendency of Jonathan apples 
to russet. The first and second applications were timed according to the 
development of the bloom of each variety, the Wealthy blossoming earlier 
than the Jonathan. At all other applications both varieties were treated at 
the same time. The dusting was always done under favorable conditions, 
either in the morning or evening or soon after a rain. 


Weather conditions. Except during the period preceding blooming, there 
was not sufficient rain to make conditions favorable for scab development; 
but the season was very favorable for codling moth and this insect caused 
serious losses in most sections of the State. 


RESULTS. 


Jonathan. Records were obtained for this variety at harvest but there 
was so little injury on the check tree by either scab or codling moth that the 
results were not conclusive so will not be given. 


Wealthy. When the crop was harvested, the fruit from the one check tree 
and from four sprayed and four dusted trees was graded and counted to 
determine the amount of injury by scab and worms. 


Control of scab and codling moth. The results of the counts are shown in 
table 4. 


TABLE 4.—DUSTING AND SPRAYING WEALTHY, 1921. 


Scab—per cent 


Number Codling 
Treatment Applications || apples ———-——————————_|_ moth, 
examined per cent 
Early Late 
Aeheele.£ Rene. vee ass aoe ae 0 142 20 79 34 
SONOS os SAE ois See ee Or: 5 561 17 8 5 
sted foc cee amen sh ote 6 392 17 8 12 


These figures show that dusting and spraying gave equally satisfactory 
“control of scab but that the control of codling moth by dusting was not as 
good as by spraying. The “pre-pink” application was not made in this 
orchard so the sprays or dusts applied had no effect on the control of “early 
scab’ as shown in the table. 


EXPERIMENT STATION BULLETINS. 439 


Less satisfactory control of codling moth was obtained on the dusted trees 
in spite of the extra application to this plot made in August. The skin of 
the apple becomes quite waxy when nearly ripe and the dust apparently does 
not adhere well to the fruit at this period of development. 


Effect on the foliage. There was no pronounced difference at the end of 
the season in the physical condition of the foliage of the dusted and sprayed 
plots, but earlier in the season the foliage of the dusted trees was somewhat 
better. 


EXPERIMENT AT TRAVERSE CITY. 


Another experiment was conducted at Traverse City on the farm of C. F. 
& J. W. Stickney. This farm is on the Old Mission (Grand Traverse) Penin- 
sula. It lies in a narrow strip of land bordered on one side by the waters of 
Bower’s Harbor and on the other by a high and abrupt hill. Along the front 
of the farm, next to the water, there is a grove of tall pine trees. These trees, 
on one side and the hill on the other, form a natural draw through which there 
were frequently strong air currents, even when there was no general wind 
on adjacent farms. This condition probably had a definite effect upon the 
results and will be discussed later. 

The orchard is made up of young bearing trees of several varieties. They 
are Wealthy, Wagener, Winter Banana, Ontario, Jonathan, Walker’s Beauty, 
Delicious, Sutton, Rome Beauty, and others. Most of the varieties were 
planted with one or two rows of a variety with Wagener as fillers. 


Materials and Applications. The entire orchard was dusted with sulphur 
except for four cross-rows (two at the north end and two at the south end) 
which were left as checks. The dusting was done with a large power duster 
but the applications were made under conditions that were not always ideal, 
and that did not always permit uniform and satisfactory application of the 
dusting materials. Atmospheric conditions were frequently unsatisfactory. 

Seven applications were made at the periods and with the materials as 
given below: 


Ist. April 29. ‘Pre-pink” application. Sulphur with 10 per cent of 
hydrated lime as a spreader. 

2nd. May 4. Pink or cluster application. 80-10-10* mixture. 

3rd. May 24. Calyx application. 80-10-10* mixture. 

4th. June 8. Two weeks application. 80-10-10* mixture. 

5th. July 8. Forscab. Sulphur with 10 per cent lime. 

6th. July 22. Second brood codling moth. 80-10-10* mixture. 

7th. Aug. 19. For codling moth and scab. 90-107 mixture. 

Weather conditions. Conditions were favorable very early in the season 
for scab development but were not so from the blooming period until early 
in July. The first rain of consequence, during the summer, fell on July 7. 
There was some evidence of scab which had developed earlier in the season 
and because the conditions were favorable to scab development, the appli- 
cation of sulphur was made on July 8. After that time there were other 
periods favorable for scab development, particularly in an orchard close to 
the lake. 


*80 per cent sulphur, 10 per cent hydrated lime, 10 per cent arsenate of lead. 
+90 per cent sulphur, 10 per cent arsenate of lead. 
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RESULTS. 


It was not possible to include trees of all varieties in the check plots, so the 
results are given only for varieties which were included in the check plot 
and bore enough fruit to give some definite idea of the actual results obtained. 
As the trees in this orchard were young, the number of apples counted was 
not large. 


TABLE 5.—DUSTING APPLES AT TRAVERSE CITY, 1921. 


Check Dusted 
Variety 

Total | Scabby, | Wormy, || Total | Scabby, | Wormy, 

No. {per cent |per cent No. [per cent j| per cent 
Wagenenis fas ac: BAe sae 129 66 35 168 14 9 
ADT ARNG rs evet aan eto sch ers ee ee ae 117 24 11 94 6 7. 
JOHMAGHANE eAG as ee eee cee 125 28 12 159 4 7 
Walker's Beauty. 3.0 ¢<.25< a: 82 34 41 67 ll 14 
Delicious’ ste 2:22 2. sores ae 102 66 4 120 53 EE eter ato, o: 
Rome Bealltyans os sh nsec 31 84 16 54 11 13 


Definite counts were not made for Wealthy, but one bushel of fruit from 
dusted trees and an equal amount from check trees was examined by Mrs. 
Stickney who reported that in the bushel of dusted apples there were only 
seven culls, while in the bushel from the check trees there were only eleven 
which were not culls. 

All apples were classed as ‘‘scabby’’ which showed even a very small 
scab spot and this of course included many which were not really culls. In 
the ‘‘wormy” grade, all apples showing “‘stings” were included, although 
a “sting” is evidence that the poison was effective as a worm must eat before 
it can be poisoned. 

The control of scab was not uniform with all varieties. This was due, in 
part, to certain mechanical difficulties with the duster and to irregular air 
currents before mentioned. These conditions made uniform application 
impossible. The difference in susceptibility of the varieties also probably 
affected the results. The differences in the blooming period of the several 
varieties made it impracticable to apply the dust at the most ideal time for 
each variety. The Delicious, a late blooming variety, was very scabby as 
the ‘‘pre-pink” and pink applications were not timely for this variety. 


GENERAL STATEMENT OF RESULTS OF APPLE DUSTING WoRK. 


Scab control. Sulphur dust has continued to give satisfactory control of 
apple scab. This statement refers to its use in the regular summer schedule. 
beginning with the cluster application. The value of sulphur dust when 
used for the ‘‘pre-pink”’ application has not been fully determined and 
further work along this line is necessary and is planned for the coming season. 

Copper sulphate dust, in the proportions used, so far has not given satis- 
factory results on apples. 


Codling moth control. In 1920 when there was about the average amount 
of codling moth injury, the dusting method gave satisfactory control but in 
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1921 when codling moth injury was very severe late in the season, dusting 
did not give as good results as spraying. This condition was found at Fenn- 
ville in the experiment with Wealthy and in other experiments not reported 
in detail in this bulletin. 


EXPERIMENTS WitH PEARS. 


Pear scab has caused serious losses in recent years in orchards in south- 
western Michigan. Many of the best growers have complained that the 
usual spraying schedule has not been giving the desired results. This 
schedule consists of three applications as follows: 


Ist. When buds are separated in the cluster. 
2nd. Just after petals have dropped. 
3rd. About two weeks after second application. 


Experiments were planned to determine if more spraying is necessary 
under Michigan conditions to satisfactorily control pear scab. Information 
was also needed concerning the efficiency of dusting materials when used on 
pears, so a considerable portion of the experiments consisted of a comparison 
of the dusting and spraying methods of application with particular attention 
to the control of scab and the effect on the foliage. 


EXPERIMENTS IN 1920. 


Experiments were conducted in two orchards at South Haven in 1920. 
One was on the H. E. Hawley farm and the other on the farm of H. E. Merritt. 


EXPERIMENT ON THE MERRITT FARM. 


The work on this farm was conducted in a block of 250 ten-year-old Bart- 
lett trees. The orchard in which this block is located stands almost on the 
bank of Lake Michigan. The trees had produced little fruit in previous 
years but most of them bloomed full in 1920. 


Materials and applications. The block of trees was divided into three 
large plots and one small plot, the small one being left untreated as a check. 
Each of the large plots was treated with a different material as here listed. 


1. Lime-sulphur solution, 1-50. 

2. Sulphur dust. 

3. Copper sulphate dust. 10 per cent dehydrated copper sulphate. 
4. Check. Untreated. 


Lead arsenate was used in combination with these materials when neces- 
sary. 

The applications were made as follows except that part of each did not 
receive the “‘pre-pink”’ application. 


Ist. ‘‘Pre-pink” application. When buds first showed color but had not 
separated in the cluster. 

2nd. Pink or cluster application. When buds had separated in the cluster. 
All parts of every plot, except the check, received this and later applications. 

3rd. Calyx application. Just after the petals had dropped. 

4th. About two weeks after the third application. 


The spraying was done with a spray gun and with a sprayer which main- 
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tained a pressure of about 225 pounds. A large power duster was used for 
dusting and the material was applied from two directions at each application. 
The work was usually done early in the morning but atmospheric conditions 
were not always satisfactory. 

The description of the experiment in the Hawley orchard will be given 
here and the results of both experiments will then be discussed together. 


EXPERIMENT ON THE HAWLEY FARM. 


Another experiment was conducted on the H. E. Hawley farm in a block 
of 100 twelve-year-old Bartlett trees. This orchard is farther from the lake. 
Most of the trees bore a fair to good crop of fruit in 1920 but in 1919 there 
was such a light crop that very little spraying was done and much scab 
developed. 


Materials and applications. This block was divided into four plots and 
treated with the same materials as listed in the preceding discussion of the 
Merritt experiment. The only difference being that lime-sulphur was used 
at the rate of 1-40 instead of 1-50. The applications were made at the same 
periods as in previous experiment but all of each plot received the ‘‘pre- 
pink” application. This experiment, then, was a comparative test of lime- 
sulphur, sulphur dust and copper sulphate dust, applied according to a 
schedule which calls for the first application when the buds are in the “‘pre- 
pink”’ stage. 


Weather conditions. The early part of the season was very favorable for 
scab development because of frequent rainfall during the period when the 
blossom buds were expanding. ‘The control of scab during this period was 
difficult because of cool weather which prevailed for some time after the buds 
had reached the ‘‘pre-pink” stage. The buds developed slowly and there 
was excellent opportunity for scab infection on portions of the blossom stems 
or buds that became exposed after the “‘pre-pink” stage but before the time 
of the pink application. After the blooming period the weather was. quite 
dry and unfavorable to scab development. This statement of weather con- 
ditions applies to both orchards, although the conditions during the summer 
were probably more favorable for scab in the Merritt orchard because of its 
proximity to the lake. 


RESULTS. 


Scab control. Counts were made in the Merritt orchard from a bulk lot 
of fruit picked from a large number of trees of each plot. Counts giving the 
results of the “‘pre-pink” application were made only on the sulphur dust 
plot because of the light crop. The number of applications given each group 
in the following table is indicated by the numbers in the column headed 
“applications”. Number 1—refers to the ‘‘pre-pink’’, 2—to the pink or 
cluster, 3—to the calyx application, and 4—to the one made two weeks after 
the calyx application. 
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TABLE 6.—DUSTING AND SPRAYING BARTLETT PEARS, MERRITT ORCHARD, 1920. 


Total 
Treatment Applications number Scabby, 
fruits per cent 
iene-culphur, 1—bOsee eave? celal ho lee s. 1; 2.354 1170 10 
Pear MIS. -o cere eee Ms RR eke: Me Pee: 1264 15 
UL DHUTICUSt easy este ences terion sieiasrararain ob atouaten PA fay Bk 781 22 
Cooper sulphate dusts.....<2..c4cescn ests... | es ae! 1249 23 
LE | or a a ga ge 0 285 58 


Lime-sulphur spray gave better control of scab than the best dusted plot, 
but in comparing the two plots the fact that the sulphur dust plot did not 
receive the fourth application must be considered. The point of greatest 
interest is that the sulphur dust plot receiving the “‘pre-pink”’ application 
showed 7 per cent less of scab than the plot not receiving the ‘‘pre-pink’’. 
The copper sulphate dust did not give satisfactory results even with the full 
schedule of four applications. 

In the Hawley orchard four average trees were selected from each plot for 
“count” trees and the fruit from these trees sorted and counted to determine 
the amount of scab present. The results are given in table 7. 


TABLE 7.—DUSTING AND SPRAYING BARTLETT PEARS, HAWLEY ORCHARD, 1920. 


Total 
Treatment Applications number Seabby, 
fruits per cent 
iame-sulphury I—40s2 36 asso © Gos nc nee oo oe D2 a4 2947 16 
SUP MULEACUBE Aen aaa occas oer. ohoeieas ROD rie! 4358 10 
Copper sulpnate dust 22327... iid coe. ee || 15 2,84 3806 20 
CHECK: erate ees hte ek el cyte Poe Chal eso 0 2991 60 


In this orchard sulphur dust gave better results than lime-sulphur. Copper 
sulphate dust failed here to give satisfactory results. 

In the Hawley orchard, sulphur dust gave better results than lime-sulphur 
but in the Merritt orchard lime-sulphur gave more satisfactory results than 
sulphur dust. This difference may be accounted for in part by the difference in 
application in the two orchards. At the Hawley orchard the dusting was 
usually more efficiently done than the spraying due to mechanical trouble 
with the sprayer, while at the Merritt orchard the spraying was done in a 
more satisfactory way due to atmospheric conditions which were unfavorable 
to efficient dusting. 


Effect on foliage. Throughout the season, there was a marked difference 
in the condition of the foliage of the several plots. The lime-sulphur spray 
caused considerable foliage injury most of which developed after the calyx 
application. This injury was not general over the trees but was limited to 
small areas which probably received a heavier application or were closer to 
the spray gun so that the material was driven against the leaves with greater 
force. The foliage of all dusted plots was in excellent condition at_all times. 
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Fig. 3.—Typical leaves from a Bartlett tree sprayed with dilute lime-sulphur (Hawley orchard, 1920). 
The injury there was scattered but severe in some places. 


hae 


Fig. 4.—Typical leaves from a Bartlett tree dusted with 90-10 sulphur-lead dust. There was no 
injury and the physical condition was good. 
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HXPERIMENT AT FENNVILLE. 


Further work with pears to compare dusting with spraying was conducted 
in the P. H. Broe orchard at Fennville. The trees in this orchard are mature 
and are of several varieties. Although all varieties were dusted or sprayed 
alike, the Bartlett was the only one considered in the results. 


Materials and applications. The experiment started with the pink or 
cluster application; both plots having received a “‘pre-pink”’ (or delayed 
dormant) application of lime-sulphur, 614-50, for pear psylla control. This 
spray was undoubtedly of great value for the control of scab this year, as 
weather conditions very favorable for scab development prevailed during 
the period when the buds were expanding. No check plot was left because 
of the necessity to spray for pear psylla. 

Three other applications for scab control were made after the ‘‘ pre-pink”’ 
stage. 


Ist. When buds had separated in the clusters. 
2nd. Calyx application. 
3rd. Two weeks after second application. 


For the first application sulphur alone was used on the dusted plot and 
bordeaux mixture on the sprayed plot. For the calyx application Niagara 
“‘ All-in-One Mixture”, containing sulphur, lead arsenate and nicotine sul- 
phate was used on the dusted plot and on the sprayed plot lime-sulphur, 
1 to 40, lead arsenate and Black Leaf 40 were used. For the third application 
90-10 sulphur-lead dust and bordeaux mixture with lead arsenate were used. 
The dusted plot received an application of “‘ All-in-One Mixture” on July 8 
for pear psylla but the sulphur and lead arsenate in it was undoubtedly 
beneficial for the control of scab and worms. 


RESULTS. 


Scab control. When the fruit was picked, the crop from three dusted 
trees and three sprayed trees was sorted and counted with the results shown 
in table 8. 


TABLE 8.—DUSTING AND SPRAYING BARTLETT PEARS, BROE ORCHARD, 1921. 


Total 


Treatment No. pears Seabby, Wormy, 

counted per cent per cent 
iOrpteaeoee ane PMU SEI ero 2103 1.9 0.5 
SS) COVE Search, ele Ba Genes A oe aE ae 1436 3.1 iL 


The percentage of scab on the fruit from both plots was very low and 
practically all the scab was in very small spots. There were only two or 
three pears in each lot which were badly scabbed. When comparing these 
results the fact that both plots received a ‘‘pre-pink”’ application of lime- 
sulphur spray must be considered. This early application, as stated above, 
was probably very important in the control of scab this season, as the period 
when the buds were expanding was the only time during the season when 
weather conditions were really favorable for scab development. 
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Fig. 5.—Typical leaves from a Bartlett tree sprayed with dilute lime-sulphur (Broe orchard, 1921). 
This injury developed within twenty-four hours after application. 


| Sa Ae 


Fig. 6.—Typical leaves from a Bartlett tree sprayed with bordeaux (Broe Orchard, 1921). The 
physical condition is excellent: 
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Effect on the fruit and foliage. The ‘“‘finish”’ of the pears from dusted trees 
was very much superior to the finish on fruit from sprayed trees which 
developed considerable russet. 

The foliage of all dusted trees was in excellent condition throughout the 
season. The lime-sulphur which was used for the calyx application caused 
severe foliage injury but this injury was not found on trees sprayed with 
bordeaux at that time. The lime-sulphur injury developed within twenty- 
four hours after the application of the spraying material. 


CONCLUSIONS FROM RESULTS OF PHAR DUSTING AND SPRAYING EXPERIMENTS. 


Value of the “‘pre-pink’’ or delayed dormant application. The results of 
work in 1920 and 1921 indicate that an application, made just as the blossom 
buds first show white but have not separated in the cluster, is valuable in 
the control of pear scab. It seems advisable from experiments conducted 
thus far that this application be made in districts where pear scab is prevalent 
and in all sections on varieties which are very susceptible. 

Any of the spraying materials ordinarily used for pears are satisfactory 
for the ‘‘pre-pink” application. Lime-sulphur, 614-50, may be safely used 
at this time when pear psylla is prevalent. 


Comparative value of dusting and spraying. The control of pear scab in 
the work here reported has been about equally efficient by dusting and spray- 
ing, but further tests under different weather conditions will be necessary 
before any definite statement can be made. The foliage on dusted trees and 
on those sprayed with bordeaux has always been better than on trees sprayed 
with lime-sulphur. 


SoME OBSERVATIONS ON THE CoNnTROL OF PEAR PSYLLA. 


The severe outbreak of pear psylla in many districts in 1920 resulted in 
many demands for information and emphasized the difficulty of controlling 
this insect satisfactorily with the methods ordinarily used. The treatment 
which has been generally recommended in Michigan consists of a general 
cleaning up of the orchard, scraping the bark and making a dormant appli- 
cation of nicotine sulphate or of a miscible oil in the late fall or early spring 
to kill the hibernating adults. 

There have been many indications that this treatment will not give satis- 
factory results when the psyllas are numerous as many of them do not hiber- 
nate on the pear trees but return to them in the spring to lay their eggs. 


Other methods of control. The fact that the eggs are all deposited on pear 
trees and may be destroyed by certain spraying materials offers another 
opportunity for attack. When using this method of treatment one application 
is made just before the blossom buds begin to separate in the clusters to 
destroy the eggs and another soon after the petals fall to kill nymphs which 
have hatched from eggs deposited after the first application or from eggs 
which escaped injury by it. 

As this method had not been generally used in Michigan, it was necessary 
to obtain more information as to the best material to use for the first applica- 
tion. This information was obtained through the co-operation of the Section 
of Entomology. A supply of hibernating psylla was secured from Fennville 
and placed with pear twigs in cages in the Entomological Department insec- 
tary. Great numbers of eggs were deposited on the pear twigs which were 
_then treated with several materials and combinations of materials and a; 
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various concentrations to determine which one would be most effective in 
killing the eggs. A report of this work is not desirable here except that the 
results of this work indicated that lime-sulphur solution, 614-50, is effective 
for killing psylla eggs. Similar results have been obtained by workers in 
other districts.* The recommendation that lime-sulphur solution, 614-50, 
be used for killing psylla eggs was then made by the Sections of Entomology 
and Horticulture. 


Field observations. In order to know how successful growers were in con- 
trolling pear psylla by this and other methods, observations were made 
throughout the season in several orchards, most of which were in the Fenn- 
ville district. ‘The orchards in which observations were made will be referred 
to hereafter by number and the spraying was in nearly every instance done 
by the orchard owners. 


ORCHARD NUMBER 1. 


This orchard is located in the Fennville district and contains several thou- 
sand pear trees of various varieties. The trees are mostly mature. The 
infestation of pear psylla was very severe in one block in 1920 but not so bad 
in the others. 


Spraying operations. The block that was seriously infested in 1920, and 
will be referred to as Block A, was sprayed in late November, 1920, with 
lime-sulphur, 614-50, and nicotine sulphate (Black Leaf 40) 1 pint in 100 
gallons. The bark of these trees was quite smooth as the trees had been 
thoroughly scraped about one year previously. There had been no sharp 
freeze to drive the psylla into hibernating quarters and the leaves were barely 
off the trees at that time. The weather wasmild and continued so through- 
out December so that the psylla were active unusually late. This application 
was undoubtedly effective against all psyllas hit and the orchard was quite 
free from them for about two weeks but after that time they were present 
in increasing numbers. They probably were working back into this orchard 
from fence rows, other kinds of trees and from a neighboring pear and apple 
orchard just over a fence. 

Block B, which is located on another portion of the farm, was not sprayed 
in the fall and had not been seriously infested with psylla in 1920. By early 
April 1921, almost inconceivable numbers of eggs had been deposited on the 
trees of this block. Eggs were much more numerous here than in Block A 
which had been sprayed in November. 

All pear trees on the farm were sprayed between April 7 and 12 with lime- 
sulphur, 614-50. At that time the blossom buds of Kieffer had mostly sepa- 
rated in the clusters; Bartlett buds were just beginning to separate and Bosc 
buds were much slower in opening than those of the Bartlett. The spraying 
was all done with spray guns, with one man to each spraying outfit. Most 
of the work was done with the man working from the ground. 

The entire orchard was again sprayed just after the petals fell for psylla, 
using nicotine sulphate, 1 pint to 100 gallons, in combination with dilute lime- 
sulphur or bordeaux, and arsenate of lead. 

During May when the nymphs of the first summer brood were prevalent 
in unsprayed orchards they were found here, in both Block A and B, in limited 
numbers, but plentiful enough to cause serious infestation from later broods 
provided weather conditions were favorable. 


*Hodgkiss, H. E., N. Y. Agr. Exp. Sta. Bul. 387; Ross, W. A. and Robinson, W., Report Entomo- 
logical Society of Ontario, 1919. 
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By the middle of June the nymphs of the second summer brood were 
present in large numbers and were causing serious injury to the foliage. 
This condition prevailed in Block A which had received the dormant appli- 
cation for the hibernating adults in addition to the applications made on 
Block B. The smaller number of eggs in Block A early in April was not 
reflected in a less serious infestation in June as the nymphs were present 
apparently in about equal numbers in both blocks. 

This condition indicates that the fall application was really of little value 
in this instance for which there are two probable reasons. First, there were 
as Many eggs escaped injury from the application of strong lime-sulphur in 
Block A as in Block B, and second, there were probably equal numbers of 
eggs deposited in both blocks by belated females. 


Summer applications. Several materials and combinations of materials 
were used from June 18 to 22 to kill the nymphs of the second summer brood. 
They were as follows: 


1. Black Leaf 40 1 pint 
Hydrated lime 20 pounds 

2. Black Leaf 40 1 pint 
Casein 2 ounces 100 gallons water 
Hydrated lime 6 ounces 

3. Black Leaf 40 1 pint é 
Whale oil soap 3 pounds f{ 100 gallons water 

4. Hydrated lime 20 pounds 100 gallons water 


100 gallons water 


4 
4 


our: 


ig 


Fig. 7—A view in Orchard No. 1 in which control was not satisfactory. The trees were practically 
defoliated in early September. This orchard received the dormant application for hibernating adults, 
co pues” dormant for the eggs and a calyx application for nymphs. Picture taken in September, 
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A 200-gallon tankful of each of these combinations was used and the trees 
were covered as thoroughly as was possible for one man working from the 
ground with a spray gun. These materials were applied to a section of 
Block B and at least half the block was not sprayed at that time. 

The results from the use of all these materials were very marked. The 
hydrated lime alone killed practically all the nymphs which were on the sur- 
face of the leaves but did not kill many of those feeding around buds or at 
the base of leaf stems on tender growth. All of the combinations in which 
Black Leaf 40 was used gave satisfactory results and almost completely 
eradicated the psylla from the trees treated with them. There was a strong 
contrast in the condition of the trees sprayed in June and the surrounding 
trees not sprayed at that time. This difference in condition was apparent 
until late in the season. The adult psyllas had then spread into this sprayed 
section of the orchard, from the section not sprayed in June, in such numbers 
as to cause serious injury during September. 

Practically all mature trees in all parts of the orchard were badly defoliated 
by the injury from a large brood of nymphs which developed in early Sep- 
tember. 


Remarks. It is impossible to tell exactly why the results in this orchard 
were not satisfactory, but the failure to cover all portions of the trees with 
spraying material, particularly at the calyx application, was undoubtedly 
an important reason why the control was not satisfactory. The owner of 
the orchard and others who followed the work closely agree that the spraying 
was not really done as thoroughly as was thought at the time of application. 


ORCHARD NUMBER 2. 


This orchard is in the South Haven district. The trees are Kieffer about 
seven or eight years old. This orchard was sprayed very thoroughly about 
March 15 with strong lime-sulphur and Black Leaf 40 to kill the hibernating 
adults. The trees were examined on March 24 and many active adults were 
found. It is believed that these had migrated to the péar trees from other 
hibernating quarters after the application was made, especially when the 
thoroughness with which the spraying was done is considered. 


ORCHARD NUMBER 3. 


This orchard is an extensive planting near Fennville of mature, closely 
set trees of several varieties. There was a very heavy infestation of psylla 
in the fall of 1920 and great numbers of eggs were deposited on these trees in 
late March and early April of 1921. The orchard was sprayed just before 
blossoming with lime-sulphur, 614-50. The application was begun when the 
blossom buds of Kieffer were mostly separated, but the spraying was not 
completed until the later blooming varieties were in full pink. There were 
prospects for only a light crop of fruit so little consideration was given to the 
effect of the spraying material upon the flower buds. Another application 
was made about one week after the petals fell, using Black Leaf 40 in com- 
bination with dilute lime-sulphur and lead arsenate. Both applications were 
made in a thorough manner. 


Results. These two thorough applications gave almost complete control 
of the psylla and it was very difficult at any time during the entire season to 
find psylla in any form. The orchard was last visited in early October and 
at that time the foliage was in excellent condition. Another item of interest 
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was the effect of the strong lime-sulphur on pear-leaf blister mites which 
‘had become well established on the young leaves. The lime-sulphur killed 
most of the leaves which had developed at the time of application and at the 
same time effected a thorough clean-up of the mites. 


ORCHARD NUMBER 4. 


This orchard is also near Fennville and the trees under observation were 
mostly Kieffer. One block of mature trees was sprayed with lime-sulphur, 
614-50, just after the blossom buds had separated but did not receive an after- 
blossom application of nicotine sulphate. The control by this one application 
was not satisfactory as nymphs of the second summer brood were present in 
June in considerable numbers. A few isolated trees near this block which 
were not sprayed at all for psylla control were seriously infested in June. 


ey SS Liab 


Fig. 8.—A view in Orchard No. 3, showing condition of trees where the psylla had been controlled 
by two thorough applications, one before blossoming to destroy the eggs and one after blossoming to 
destroy the nymphs. Picture taken Oct. 8, 1921. 
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A portion of another block in this orchard was not sprayed until about one 
week after the petals had fallen. At that time a mixture suggested by Ross* 
was used. It was made up as follows: 


Lime-sulphur solution, 21% gallons 
Hydrated lime, 10 pounds 

Lead arsenate (powder), 1144 pounds 
Black Leaf 40, 1 pint 

Water to make up to 100 gallons 


An unusually thorough application was made, using a rod with an angle 
nozzle. ‘The trees are not so high but that they could be thoroughly sprayed 
by one man working from the ground with a spray rod. 

These trees were carefully examined in June and again in September and 
October. Only a few psylla were found at any time and the foliage was in 
good condition at all times. 


Other orchards. Observations were made in several other orchards but a 
statement of applications and results would be mainly a repetition of state- 
ments already made. While a detailed statement of these observations will 
not be included, the results have been considered in drawing general con- 
clusions of the work. 


*Wm. A. Ross, Entomological Laboratory, Vineland Station, Ontario. 


Fig. 9.—A view in Orchard No. 4 in which pear psylla was quite completely controlled by one appli- 
cation about one week after the petals had fallen. Picture taken Oct. 7, 1921. 
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Injury to foliage and flower buds. The strong lime-sulphur, 614-50, applied 
just before the blossom buds separated or any time during the cluster stage 
caused considerable injury to the first leaves in nearly every instance but this 
injury was never permanent and it was not possible to tell by a casual exami- 
nation after the blossoms had dropped that any such injury had occurred. 

In some orchards considerable injury occurred on the blossom buds and 
in others there was very little of such injury. There seemed to be a varietal 
difference in susceptibility to such injury; Kieffer apparently being the most 
susceptible. This difference may have been more apparent in some instances 
than actually existed as Kieffer blooms earlier than most varieties and the 
application was usually timed by most growers for an average of all varieties 
so that Kieffer was the most advanced and consequently more tender. Low 
temperatures after the application undoubtedly increased the injury. There 
were several severe frosts during the period when the buds were expanding 
and before the blossom buds had opened. ‘Trees which were sprayed before 
these frosts lost many more blossom buds than trees sprayed after the period 
of low temperature. One grower sprayed early in the forenoon of a day when 
the temperature had dropped to twenty-three degrees in the morning. The 
sprayed trees lost many buds while unsprayed trees did not. There were 
very few places where the final yield of fruit was seriously reduced in spite 
of apparently severe injury to blossom buds in the spring. 


Effect of hot, dry weather. The psyllas were greatly reduced in many 
orchards by a period of hot dry weather which prevailed during July. The 
final effect was different in various orchards and was probably directly related 
to the vigor of the trees. In orchards of high vigor and with heavy foliage 
the setback to the psyllas was only temporary as they developed again in 
serious numbers in September. In orchards of lower vigor and with sparse 
foliage, they were reduced to such an extent that they caused little injury 
later. In the South Haven district they were evidently reduced to insignifi- 
cant numbers in nearly all orchards as little injury was reported late in the 
season. 


SUMMARY AND GENERAL REMARKS. 


The dormant application to kill the hibernating adults under conditions 
prevailing during the fall and spring of 1920-21 was not effective in orchards 
under observation. (Orchards No. 1 and 2.) 

Two applications, one before blossoming to destroy the eggs and one after 
blossoming to kill the nymphs, were very effective in some orchards (Orchard 
No. 8) but in other orchards the same or a greater number of applications 
was not effective (Orchard No. 1). The failures in the latter instances are 
probably due to the fact that the applications were not as thorough and com- 
plete as is necessary for the control of pear psylla. 

In one orchard satisfactory results were obtained from the use of but one 
application after the petals had dropped with a mixture containing lime- 
sulphur, lead arsenate, hydrated lime.and nicotine sulphate. This demon- 
strates the possibility under favorable conditions of cleaning out the psylla 
with summer applications. (Orchard No. 4.) 

The thorough use of nicotine sulphate in any one of several combinations 
will be effective at any time during the summer when the psyllas are in the 
nymph stage but the summer sprays are not efficient when used against the 
adults. (Orchard No. 1.) 

Hot and dry weather materially reduces the number of psyllas but later 
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broods of that season may develop to serious proportions when weather 
conditions again become favorable. 

Injury to the first leaves nearly always develops after the use of strong 
lime-sulphur to destroy psylla eggs, but such injury is not serious nor per- 
manent. Flower buds may be injured under some conditions and some 
varieties seem more susceptible than others. Freezing temperatures following 
the application have a tendency to increase such injury. In order to avoid 
injury to the blossom buds it is advisable to make the application of strong 
lime-sulphur not later than when the buds have begun to separate in the 
cluster and as some varieties blossom earlier than others each one should be 
sprayed when it reaches the proper stage of development. . 

The practice of spraying with strong lime-sulphur just before the blossom 
buds have begun to separate in the cluster has several advantages aside from 
its value in destroying psylla eggs. San Jose scale should be effectively con- 
trolled at this time; pear leaf blister-mite will be greatly reduced and in dis- 
tricts where pear scab is prevalent it takes the place of the “pre-pink”’ appli- 
cation for scab control. 

Thoroughness of application is a factor of greatest importance and cannot 
be emphasized too strongly. When spraying to destroy the eggs or hibernat- 
ing adults every portion of the tree must be covered and when spraying to 
destroy the nymphs during the summer, thoroughness is even more essential 
as many of them are likely to be in protected places and every one that 
escapes may mean a greatly increased number in succeeding broods. The 
method of application will naturally vary under different conditions but where 
mature trees are to be sprayed it is suggested that the work be done by two 
men; one on top of the sprayer or preferably in a tower and one on the ground. 
A spray rod with angle nozzle can undoubtedly be used more efficiently than 
a spray gun by a man spraying from the ground. 


THe ContTroLt oF Brown Rot oN PEACHES AND PLUMS. 


The loss of fruit in transit. The excessive losses in recent years by growers 
of peaches, plums and cherries has led the Horticultural Section to carry on 
a series of experiments to determine if such losses may be prevented. The 
fruit has been harvested, apparently in good condition, but has decayed 
sometimes before shipment, but more often while in transit or before finally 
taken by the consumer. With peaches and plums the trouble has usually 
been caused by brown rot; with cherries it may have been caused by brown 
rot in some instances but has usually been caused by some other organism 
such as white mold. 

In order to avoid such losses it has been necessary to harvest some kinds of 
fruit, particularly plums, before they have reached a state of maturity which 
would develop the best quality and color. The practice of putting fruit upon 
the market in an immature state has probably curtailed consumption and 
reduced the price in some instances. The consumption of commercially 
canned plums has undoubtedly been reduced because of the low quality of 
fruit which has been picked prematurely. It is evident that any treatment 
which will prevent losses in transit or permit the fruit to develop more color 
and flavor would be welcomed by the growers, dealers and consumers. 


Experimental work to develop methods of control. A series of experiments 
was conducted in 1920 and 1921 to develop, if possible, a satisfactory method 
of improving the shipping and holding quality of peaches and plums through 
the control ef brown rot at this period. It seems that a late application of a 
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fungicide, that would remain on the fruit after it was harvested, without 
staining or otherwise being apparent, would be very beneficial. Sulphur dust 
seemed to be the material that best fulfilled these particular requirements so 
was used in an experimental way with the results herein reported. 


EXPERIMENTS IN 1920. 


Experiment at South Haven. The first work of this nature was conducted 
near South Haven on the H. E. Hawley farm in 1920. 

The variety was Lombard. The trees were 10 years old and in full bearing. 
Many of the trees bore quite heavy crops and none of them were thinned. 
The control of brown rot before harvesting under such conditions was more 
difficult than if the trees had been properly thinned. 


Materials Used. Two materials were used in the experiment which were 
as follows: 


1. Lime-sulphur solution, 114-50. Lead arsenate was used in combination 
at the rate of 114 pounds in 50 gallons. 

2. Sulphur dust, 90-10 mixture. Sulphur alone was used for the later 
applications. 


The orchard was divided into two large plots for each of the materials and 
one small plot which was left untreated as a check. The sprayed plot con- 
tained about 60 trees and the dusted plot about 95 treés. The check plot 
which contained eight trees was located in a corner of the sprayed plot as 
far as possible from the dusted plots so as not to be affected by any drifting 
dust. 


Applications. The dusting materials were all applied with a large pow 2 
duster and the work was usually done in the morning or evening but thete . 
was frequently some wind blowing so that conditions were not ideal for 
dusting. The spraying was done with a power sprayer which usually main-— 
tained a satisfactory pressure. A spray gun was used. Applications were 
made at the periods and with the materials indicated below. 


Ist. Just before blossoms opened. Both plots were treated. 

2nd. Just after blossoms fell. Both plots were treated. | 

3rd. Two weeks after second. Both plots were treated. 

4th. July 9. Sulphur dust plot treated with 90-10 mixture from one 
side of trees. 

5th. About.one month before harvest. Both plots were . treated but no ) 
lead arsenate was used. 

6th. One week before harvest. Sulphur dust plot was fested with straight 
sulphur. . 


RESULTS. : | 


Control of brown rot before harvest. The following note was made on. _ 
June 21, ‘‘ All trees have a few plums affected with rot, the infection apparently 
having been made in every case through curculio stings. The rot does not © 
seem to be spreading and is found uniformly on dusted, sprayed and check 
trees.”’ This early infection did not spread at the time but was probably 
responsible, in part, for an occasional rotted cluster later in the season. 
As stated earlier, the fruit was not thinned and it would be difficult to stop 
the spread of brown rot in a cluster of fruit if one had become infected through 
a curculio sting. 
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After August 1st, while an occasional cluster affected by brown rot could 
be found on both the dusted and sprayed plots, it did not become at all serious 
at any time on these plots, so that at harvest both were in excellent condition. 

Brown rot developed gradually on the check trees until picking time when 
the fruit on several trees was not worth harvesting. 


Control of brown rot after harvest. One bushel of fruit was picked from 
each plot, care being taken that no rotten fruit was included. The sample 
from the check plot was taken from the trees in the best condition. The 
results are here stated as follows: 


After three days the fruit from the check plot was entirely decayed and 
worthless. 

After six days the dusted fruit was in excellent condition but that from the 
lime-sulphur plot was almost all decayed. 

After twelve days at least one-half the dusted fruit was still sound. 

These results, then, show the relative value of no treatment with the regular 
summer sprays and with the regular sprays plus a late application of dust 
to improve the keeping quality of the fruits. The results secured by both 
dusting and spraying in the control of brown rot up to the time the fruit was 
harvested were very good. The late application of sulphur dust was valuable 
in preventing the development of rot after the fruit was picked. 


Fig. 10.—Fruit from check trees showing the proportion of sound, scabby and rotten peaches. 
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EXPERIMENTS IN 1921. 


This work was continued and expanded in 1921. A series of experiments 
was conducted with peaches and plums at Hart in the orchards of Geo. A. 
Hawley and Son and at Fennville with peaches in the orchard of P. H. Broe. 


Experiment at Fennville. The five acre orchard of Mr. P. H. Broe was 
used for this season. It contains approximately five hundred mature trees, 
and is about equally divided into two blocks, one of Elberta and one of 
Salway. The orchard was one of the very few in the Fennville district which 
was not seriously injured by the late freezes. The trees of both varieties 
bore uniformly full crops; in fact, they set so much fruit that severe thinning 
was necessary. 


Object of the experiment. This work was planned to determine whether 
sulphur dust would control curculio, peach scab and brown rot (which 
develops before harvest). The effect of sulphur dust on the foliage and the 
color of the fruit was also to be considered. A “‘holding test”’, to determine 
the effect of the dust upon the development of brown rot after harvest, was 
made with Salway. 


Materials Used. The only material used was sulphur dust, no spraying 
of any kind being done during the summer. The entire orchard was dusted 
except three cross rows along the south end of the orchard which included 
trees of both Salway and Elberta. The dust used for the early application 
contained lead arsenate and was made up in the proportion of: 75 per cent 
dusting sulphur, 15 per cent hydrated lime, 10 per cent lead arsenate. 


Fig. 11,—Fruit from dusted trees showing almost complete control of brown rot and peach scab. 
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For the late application no poison was used so the mixture contained: 
85 per cent dusting sulphur, 15 per cent hydrated lime. 

The use of hydrated lime in dusting materials for use on peaches has been 
generally recommended to prevent any possible injury by lead arsenate, but 
its greatest value probably is in improving the physical condition of the 
mixture so that it will spread evenly and cover more trees than a mixture 
containing no hydrated lime. 


Applications. Two applications were made in this orchard. They were 
made at the periods and with the material here indicated. 

Ist. Just after last of ““shucks” had dropped. The 75-15-10 mixture was 
used. 

2nd. August 16. On Salway only. No lead arsenate was used. ‘The 
trees were dusted from two directions and the work was done early in the 
morning when atmospheric conditions were favorable. 


Weather Conditions. The entire season, until September, was very dry 
and unfavorable for the development of brown rot or peach scab; but after 
September 1st there was considerable rainy and “muggy” weather which was 
very favorable for the development of both diseases. 


RESULTS. 


Effect upon foliage and color of fruit. There was no indication of foliage 
injury at any time. The color of the fruit on dusted trees of Salway was 
apparently higher than on untreated trees. 


Control of brown rot and peach scab. The results with Elberta were not 
conclusive as no appreciable amount of rot or scab developed even on the 
check trees. The quality of the Elbertas was excellent on both dusted and 
check trees. 

‘With the Salways, the difference between dusted and check trees was very 
marked and the results of counts made when the fruit was picked is given in 
an accompanying table. The fruit from three representative dusted trees 
and three representative check trees was sorted into lots of sound, scabby 
and rotten fruit, and counts made of each lot. 


TABLE 9.—BROWN ROT AND PEACH SCAB CONTROL, SALWAY PEACHES, 1921. 


Peach scab, {Brown rot, 


Treatment per cent per cent 
(Teo ee hE aie Aare to eee), ee adae 18 13 
LD HEED ts Re cnata ig tcbainioad lb y' Peeve cigs aie oe eae Sea a a ge ie ete 0.7 3 


These figures show that’ sulphur dust gave almost complete control of 
peach scab on Salways and favorable results in controlling brown rot while 
the fruit was still on the trees. The effect of the dust upon the keeping or 
holding quality of the fruit is discussed in the next paragraph. 


‘Control of brown rot after harvest. Average samples of fruit from both 


» dusted and cheek plots were taken and held for several days with the 


results shown in table 10, 
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TABLE 10.—HOLDING TEST ON SALWAY PEACHES, 1921. 


Brown rot—per cent 


Treatment Picked 
Sept. 26 Sept. 27 Sept. 28 
@uocke. i. eee ee; Sept. 24 15 60 100 
Dusted 36.5 ke Seer Sept. 24.... 0 2 10 


The results were very good, especially when it is considered that the last 
application was made a full month before the fruit was picked. 


EXPERIMENTS AT HART. 


A series of experiments was conducted at Hart in the prehards of Geo. A. 
Hawley and Son and included peaches and plums. The varieties of plums 
were Lombard, Monarch and Grand Duke. The peaches were Wark, Hill’s 
Chili and Gold Drop. This work was planned for the one purpose of deter- 
mining if sulphur dust would improve the holding and shipping quality of 
the fruit by retarding the development of brown rot after harvest. The 
plots used for this work were distinct from the ones mentioned elsewhere in 
connection with experiments for the control of leaf-spot. All trees had had 
uniform treatment up to the time these experiments were begun. ‘The 
previous treatment will be mentioned in connection with each experiment or 
group of experiments. 


Monarch and Grand Duke Plums. Plots in orchards of each of these 
varieties were dusted on August 17 with a dusting mixture containing: 90 
per cent dusting sulphur, 10 per cent hydrated lime. 

This dusting was done under favorable conditions using about three- 
fourths of a pound of material per tree. Similar plots of each variety were 
left untreated at this time. All of the trees in both plots of the two varieties 
had been treated the same until this time. Two applications of dilute lime- 
sulphur spray had been made; the first just as the shucks were falling, about 
May 15, and the second the last week of June. There was no evidence of rot 
on any of these trees at harvest and, in fact, rot has not been noticeable in 
these orchards in recent years. There was considerable rainfall after August 
_ 17, when the dust wag applied, which of course made conditions more favorable 
for rot development: and tested the sticking quality of sulphur dust upon the 
waxy surface of the mearly mature plums. © This particular point was given a 
more severe test On- the Monarchs as there was a heavy. rain after the Grand 
Dukes had been pieked and before the Monarchs were ready. The treatment 
was given a severé test in another way on the Grand Dukes. The fruit was 
picked on August 22 and packed in baskets in the orchard, and paper pads 
were used under the covers. Before they were placed under shelter the 
baskets were thoroughly soaked by a sudden shower. The paper pads of 
course became wet and were still wet on August 30 when the fruit was 
examined. The results are shown in tables 11 and 12. 
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Fig. 12.—A basket of Monarch plums from trees dusted ten days before harvest. They were bright 
and in excellent condition ten days after harvest with no development of brown rot. 
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Fig. 13.—A basket of Monarch plums not dusted just before harvest. Ten days after harvest they 
were in such condition that they presented a very undesirable appearance when opened. 
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Fig. 14.—Monarch plums from trees not dusted just before harvest, showing the large proportion 
of rotten fruit (on left) twelve days after harvest. 


Fig. 15.—Monarch plums from trees dusted just before harvest showing the very small proportion 
of rotten fruit (on left) twelve days after harvest. 


TABLE 11.—HOLDING TEST OF GRAND DUKE PLUMS, 1921. 


Brown rot, 


Treatment Dusted Picked Aug. 30, 
per cent 
NOC edereaes ee AO Ree Biro anes Le a a 0 ANIpA 225 x: 44 
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TABLE 12.—HOLDING TEST OF MONARCH PLUMS, 1921. 


Brown rot—per cent 


Treatment Dusted Picked 


Sept. 7 Sept. 10 | Sept. 12 
Check... Sige sche eee ee ee 0 Aug. 30... 1 13 78 
Dusted fo Rieste soe eee Aug. 17...| Aug. 30... 0 2 7 


The Grand Dukes were held at Hart for examination but the Monarchs 
were shipped to East Lansing and were accidentally placed in cold storage 
with some other fruit and were not removed for three days. This accounts 
for the longer period between the time they were picked and when they began 
to decay. 


Wark Peaches. Wark is an early ripening peach which, like some other 
varieties ripening at the same season, is very susceptible to brown rot. Mr. 
Hawley has usually experienced difficulty in handling these peaches as they 
would be picked, apparently in good condition, but would rot so quickly 
that he was frequently unable to get them shipped before they had badly 
decayed. ‘The orchard contains about two hundred trees and was divided 
into three plots. 


1. Check plot. No treatment. It contained two rows of ten trees each. 

2. Dusted. One application, July 28. This plot was made up of about 
50 trees. 

3. Dusted. Tyo applications. July 5 and July 28. This plot contained 
about 180 trees. 


The trees were dusted at each application from two directions using about 
34 pound of material per tree. This orchard had no summer application of 
either dusting or spraying materials. The dust used contained 85 per cent 
dusting sulphur, 15 per cent hydrated lime. 


RESULTS. 


Control of brown rot before harvest. Careful observations were made by 
Mr. Monroe Hawley when the fruit was picked. The fruit on all the trees 
in both dusted plots was practically free from brown rot at this time, but 
on the check trees there was a small but noticeable amount of it. The 
development of brown rot on the trees was probably greatly retarded by 
the dry weather which had prevailed in this district nearly all summer. 


Control of brown rot after harvest. When the fruit was picked average 
samples were taken from each plot, packed and shipped to East Lansing and 
examined at intervals with the results shown in table 13. 


——S 
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TABLE 13.—HOLDING TEST OF WARK PEACHES, 1921. 


Brown rot—per cent. 


Treatment Dusted Picked 
ug10) .) Aug 12) | Aug.-13 
ehh fen. Ae 0 Aug. 9... 5 38 82 
PATER foro 'h a ame eee Oe July 28...) Aug. 9.... 0 Pe ie ree eee ae 
IDUSted se rane eaten July 5,28 | Aug. 9.... 0 0 10 


The fruit from the plot dusted once only was found to be considerably 
riper than that from the other plots so that on August 12 it was so ripe that 
it had to be discarded. This condition would, of course, make the control 
of brown rot more difficult. It may have been also due to the fact that the 
fruit did not receive the first application. The difference in the condition on 
August 18, of the fruit from the check plot and the plot dusted twice, was 
marked. The fruit from the check plot was almost a total loss while that 
from the dusted plot was in good condition. 


Hill’s Chili and Gold Drop Peaches. Two blocks of Hill’s Chili and one of 
Gold Drop were used in an experimental way. One block of Chili trees con- 
sisted of large, mature trees which were fillers in an apple orchard. The 
other was a block of about 75 young bearing trees. The Gold Drops were also 
mature trees set as fillers in an apple orchard. Gold Drop is a variety not 
usually considered very susceptible to brown rot, but Hill’s Chili, a susceptible 
variety, usually rotted badly in these orchards in previous years. 

No early summer applications of dusting or spraying materials were made 
on any of these trees. The Hill’s Chili trees received an application of sul- 
phur dust on July 28. All trees were dusted, no check or untreated plot being 
left at this time. The Gold Drop trees did not receive this application. 
~ When the special application was made on August 31, check plots were left 

untreated in each block of trees. Care was taken that these check plots were 

‘not located in positions that were more favorable to rot development than the 
dusted portions of the orchards. Where there was much variation in eleva- 
tion, the check plots were located on the high ground so that they would have 
the advantage of better air circulation. 

On August 31, when the dusting was done, conditions were ideal for such 
work. The trees were wet from rain which had fallen during the night and 
remained in this condition most of the forenoon. The dusting was finished 
by 10:00 A. M. and there had been no wind to interfere. All trees were 
dusted from two directions. 


RESULTS. 


Control of brown rot before harvest. On all Chili trees which were well 
dusted, there was very little development of rot previous to the time the fruit 
was picked. On the check trees of the young orchard the fruit rotted badly, 
while on the check trees of the old orchard the presence of rot was indicated 
largely by the fruit which dropped. The rot usually developed near the stem 
end of the fruit and thus caused it to drop before the entire peach was decayed. 
By the time the first peaches were ready to pick, there was much fruit on the 
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Fig. 16.—Wark peaches from untreated trees showing the proportion of sound peaches (on right) 
and those affected with brown rot (on left) four days after harvest. 


oo 


Fig. 17.—Wark peaches from trees dusted twice shortly before harvest with sulphur dust, showing 
the very small proportion affected by brown rot (on left) after four days. 


ground under the check trees but practically none under dusted trees. The 
first fruit was picked from these trees on September 9 and Mr. Hawley re- 
ported on September 21 that there was still some fruit on the dusted trees 
but none on the check trees. There was little evidence of rot on the Gold 
Drops previous to harvest on either the dusted or check trees. 


Control of brown rot after harvest. The fruit for ‘‘holding” tests was 
picked on September 9. . The sample for each plot was taken from several 
trees so as to represent an average condition. No peaches from the check 
trees were used which showed any rot when picked. The results of the 
“holding” tests are given in table 14. = 
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TABLE 14.—HOLDING TESTS OF HILL’S CHILI AND GOLD DROP PEACHES, 1921. 


Brown rot, 

Variety _ Treatment Dusted Picked Sept. 13, 

per cent 
Sg Check... 0 Sept.9.....] - 86 
Dusted..... Aug. 31 Sept. 9..... 28 
BEMUEUENUD)). catacccite ser eet'e Soares Check...... 0 Sept. 9..... 64 
Dusted..... Aug. 31 Sept. 9..... 35 
Sea TO Soe: c:<'sfaya 5 sae ole ve. Check...... 0 Sept. 9..... 30 
Dustedes -..- Aug. 31 Sept.'9....... 9 


The amount of rot on the dusted fruit of the Chili was somewhat higher 
than with other varieties but the results obtained from the late application 
of dust were quite satisfactory, especially when it is considered that this 
variety is highly susceptible to rot and that weather conditions were very 
favorable for rot development. 


SUMMARY OF RESULTS OF HOLDING TESTS. 


The results of the several experiments may be better compared if brought 
together as in table 15. 


TABLE 15.—SUMMARY OF RESULTS OF HOLDING TESTS. 


Final condition 
Brown rot, per cent. 


Varicty Time 
_ held 
Check Dusted 

eer burd.\(WOA@i centre maak om emake wis eons oes Gidays..... 90 5 
Grand .Dukemne vino er doen e cs 38 BA peras wees 6 days..... 44 6 
NO MAT Gh; Rept eee ee be atest beds 12idays.:: 2: 78 if 
AVR ICs. MERE ee cen alietiatancs aie AA a 4 days..... 82 10 
oe CVO NITIES ererreer erate eke Sasori: 6(e gies. bs 4 days..... 86 28 
lt’ (old) Hees Saree LEY See A Nes Seater 4 days..... 64 35 
Geld Drops erica ee ek . sais Leese 4 days..... 30 9 
POEL WAY. « 2:2 Sempre eee eset nln 1 aha ie) at RRC dishes 4 days..... 100 10 


| 


*The percentages for this variety are only approximate. The plot indicated here as the ‘‘check”’ 
ae the one which was sprayed throughout the summer but was not given the late application of sulphur 
ust. 


The late application of sulphur dust or of any other fungicide to improve 
the holding and shipping quality of the fruit should be considered as a supple- 
ment to the regular summer schedule and not a substitute for it. The number 
of earlier applications needed will depend somewhat upon the kinds and 
varieties of fruit being grown. Varieties which are known to be susceptible 
to brown rot should be thoroughly sprayed or dusted during the summer so as 
to Insure a crop in good condition at harvest. — 
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OTHER EXPERIMENTS WITH PEACHES. 


Experiment at South Haven. In 1920 at South Haven on the H. E. 
Hawley farm an extensive peach dusting experiment was carried through in 
an orchard which contained blocks of Gold Drop, Smock and Elberta. The 
materials used were sulphur dust and dehydrated copper sulphate dust but 
no conclusive results were obtained because there was no development of 
any insect or fungus injury even on the check plots. There was no foliage 
injury by either of the dusting materials. 


EXPERIMENTS FOR THE CONTROL OF THE PracH TREE BORER 
Wir Para-DICHLOROBENZENE. 


Para-dichlorobenzene has been used experimentally in several orchards 
during 1920 and 1921. This is a material which has been used in an experi- 
mental way for several years and more recently has been used in a practical 
way by many growers in certain districts. It is obtainable in a crystalline 


Fig. 18.—Soil leveled and para-dichlorabenzene applied in a band about 134 inches wide and an equa! 
distance from trunk. Small can used for measuring material is shown at the right of tree. 
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or granular form and when exposed at a temperature of 55 to 60 degrees or 
higher, it vaporizes to a gas which is about six times heavier than air. The 
crystals, which are placed around the base of a peach tree, vaporize into this 
heavy gas which penetrates through the soil into the borer tunnels and acts 
as a poison to the borer. 


The method of application used in all the experiments here reported was 
as follows. The soil around the base of the tree was made reasonably level 
and smooth without digging it up. Any grass or weeds around the tree were 
removed and excessive exudations of gum close to the ground were also re- 
moved. When there were any indications that there were borers five or six 
inches above the normal level of the soil, the soil level was raised to that 
point. 

The para-dichlorobenzene was then spread around the tree in an even band 
about 11% inches wide, and at about the same distance from the tree. The 
material had previously been put through a wire screen of about 10-mesh 
fineness (ordinary window screening has about 10 meshes to the inch) to 
break up any lumps. A mound of soil four to six inches deep was then placed 
over the para-dichlorobenzene and packed lightly with the back of a shovel. 


co 


Fig. 19.—A mound of soil 4 to 5 inches high placed around tree and over the para-dichlorobenzene. 
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EXPERIMENT AT SAUGATUCK. 


The first test of this material was begun in the fall of 1920 at Saugatuck on 
the farm of Mr. James Boyce. The trees were six years old and grew in very 
sandy soil. The variety was Banner. The borer larvae had not been dug 
from the trees that season. 


Application. The para-dichlorobenzene was applied to the trees on Sep- 
tember 8, 1920, at the rate of 34 to 1 ounce per tree. The amount was varied 
according to the size of the tree. Fourteen rows of thirteen trees each were 
included in the experiment and three of these rows were left untreated as 
checks. The treated and check rows were distributed as follows: 


Row 1to 5. Treated. 
Row 6. Check. 

Rows 7 to 9. ‘Treated. 
Rows 10 to 11. Check. 
Rows 12 to 14. Treated. 


Results. Certain rows of treated and untreated trees were examined on 
October 28, 1920, and others on June 7, 1921. The results are given table 16. 


TABLE 16.—PEACH BORER CONTROL AT SAUGATUCK, 1920-21. 


Number Average 
Plot trees When examined Hore a 
examined si tree 
Treated : .\ Sate gence Cee ee UE Ont 1920)... xe. 25 2 025 
Check... Bete Ae eee 23 Mote 9200 7..5 cee 30 1.3 
‘Tranted. eee 26.) pete toot eae 1 038 
Check: +. . ach eee eee 13 June, 1921.7 233% 25 1.9 
Treated—totalt ime on octet: LOS. ilies eee ee 3 .029 
Check—total.............. eed, Fs} MMA (ee ete om re PAS Sp 1.52 


Percentage of control—98.2 per cent. 


EXPERIMENT AT SOUTH HAVEN. 


Another similar experiment was begun at South Haven in 1921 on the farm 
of Mr. C. C. Chesebro, The trees were fourteen years old and of Kalamazoo, 
Gold Drop and Salway varieties. The para-dichlorobenzene was applied on 
September 1 at the rate of 1 ounce per tree and in the way described above.. 
The trees were examined on October 12 and with the results given in table 17. 


TABLE 17.—PEACH BORER CONTROL AT SOUTH HAVEN, 1921. 


Number Average 
Plot trees B oo per 
examined | tree 
Treated... ::i5yseeb eines :: TPR Se 67 2 029 
Cheeks nicht See ita oa as oes 46 13 .28 


Percentage of control—90 per cent. 
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‘The percentage of control refers to the effect of the para-dichlorobenzene 
upon borers occurring below the surface of the mound placed around the tree 
when treated. In this orchard the infestation was largely on the trunk above 
the level of the mounds so that a large proportion of the borers were not 
subject to the effects of the material. The trunks of these trees were rough 
and had many wounds and dead places in the bark and it was around such 
places that many of the borers were found. The lesser peach-tree borer usually 
prefers to work on older trees with rough bark and around wounds but the 
species working on these trees was not determined. 


EXPERIMENT AT FENNVILLE. 


Another experiment was begun in 1921 at Fennville on the Wadsworth 
Brothers’ farm. This work was on trees in two separate blocks, one of six- 
year-old Elberta and the other of older trees of several varieties but mostly 
New Prolific. The trees of the younger block were in good condition and 
generally had smooth, sound trunks. The soil there was quite sandy. In the 
older block the soil was much heavier and the trees had much rough bark 
with many old wounds on the trunks. 


Application. The para-dichlorobenzene was applied in this orchard on 
September 2 in the usual way and at the rate of 34 to 1 ounce per tree. About 
125 trees were treated and alternate rows left as checks in the Elberta block, 
and an equal number were treated in the block of older trees with checks left 
in the same way. , 


Results. A portion of the trees in each block were examined on October 
4and 5. The borers were dug only from that part of each treated tree which 
was below the top of the mound placed around them and from comparable 
parts of the untreated trees. The record of results obtained in each block 
is shown in tables 18 and 19. 


TABLE 18.—PEACH BORER CONTROL ON ELBERTA AT FENNVILLE, 1921. 


Number 
Plot trees Borers Average 
examined alive per tree 
MRC OHER 5 2c) tue PRE RRS elea iron 43 3 07 
CRONE ios oh. os eR oe ee he 49 Lae 3.61 


Percentage of control—98.1 per cent. 


TABLE 19.—PEACH BORER CONTROL ON OLDER TREES AT FENNVILLE, 1921. 


Borers Average 

Plot Misi alive per tree 
PERN PSE re (Bi 3 Siberian ache ae ue comes 17 0 0 
Rene SO PA aide aslo “alr ny sv ssa: avdve Bee Oe 19 17 9 


Percentage of control—100 per cent. 


In the older trees the control of borers which were in a position to be affected 
by the para-dichlorobenzene was perfect, but this does not mean that a large 
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percentage of the total number of borers actually on the tree was killed. 
These trees had trunks with rough bark and many old wounds and it was 
around these wounds high on the trunks and in the crotches that most of the 
borers were present. The check trees, as shown in the table, had a very low 
infestation in the lower part of the trunks and in the crowns. 


SUMMARY. 


In all these experiments, the borers which were in such a position that they 
could be affected by the para-dichlorobenzene, were effectively controlled. 
On trees with smooth trunks and few wounds, most of the borers were low 
enough to be effectively treated but on older trees with rough bark and many 


Fig. 20.—A tree which has been treated with para-dichlorobenzene and the borers controlled without 
digging or ‘‘worming’’ them out. The tree is left in sound condition. 


wounds along the trunks and in the crotches, a large proportion of the borers 
were too high to be subject to this treatment. 


Injury to trees. There has been no evidence of injury to treated trees by 
para-dichlorobenzene in any of the experimental orchards. The trees were 
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all six years of age or older. Trees younger than six years, according to the 
results of other experiments,* cannot be safely treated in the usual way and 
should not be so treated until satisfactory methods are determined. 


Mechanical injury to trees. The unavoidable injury to the bark of trees 
caused by the operation of digging out the borers is serious, especially on 
badly infested trees. In contrast to this, the crowns of trees where the borers 
are controlled by this method are maintained in sound condition. 


*Blakeslee, E. B., U. S. Dept. Agr. Bul. 796, and Peterson, Alvah, New Jersey Agr, Exp. Sta, Circ, 126. 


*t 


Fig. 21.—A tree from which several borers were removed by the usual “‘worming” process. The 
bark was severely injured. 
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Lear-Srot ContTROL ON CHERRIES AND PLUMS. 


EXPERIMENTS WITH CHERRIES. 


Summary of Previous Experiments. Work with cherries was carried on in 
1919 and was reported in Special Bulletin No. 102. Briefly, the results were as 
follows. With Montmorency the results were not conclusive because of 
absence of leaf spot in the untreated trees, but with English Morello the 
check trees were defoliated by September. Trees sprayed with lime-sulphur 
held their foliage in good condition until late in September and then the 
development of leaf-spot was only very slight. Trees dusted with sulphur 
dust were affected by leaf spot early in August and were badly defoliated by 
the middle of September. 


EXPERIMENTS IN 1920 anp 1921. 


During the seasons of 1920 and 1921, extensive experiments for the control 
of leaf-spot were conducted at Traverse City on the Titus Brothers’ farm. 
Two orchards were used in this work. One was Montmorency with trees 
nine years old at the beginning of the work. The other orchard was English 
Morello, one-half the trees being nine years old and the other half twenty- 
one years old at the time the work was begun. These orchards had been 
dusted entirely for two or three years previous to 1920 and the control of 
leaf-spot had, in one year in particular, been unsatisfactory. Thorough 
cultivation is practised in these orchards, which is usually considered impor- 
tant in the control of leaf-spot if done early so as to cover the old leaves 
before infection occurs. 


Object of the experiments. This work was carried on in order to get all 
information possible concerning the comparative value of the following 
materials: 


1. Lime-sulphur solution. 

2. Bordeaux mixture. 

3. Sulphur dust. 

4. Dehydrated copper sulphate dust. 


Arrangement of the plots. Each orchard was divided into four large plots, 
one for each material noted, and one small plot which was left untreated as 
a check. This cheek plot was so located that very little, if any, dust drifted 
on to it. The plots were essentially the same for both years except that 
different trees were used each year for the check plots. Each of the dusted 
plots contained from 80 to 100 trees, the sprayed plots from 40 to 60 trees, 
and the check plots 8 to 10 trees. 


Materials used. The same materials were used both seasons but at dif- 
ferent strengths or proportions. The exact formulae for each year are given 
in table 20. 
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TABLE 20.—MATERIALS USED IN CHERRY DUSTING AND SPRAYING EXPERIMENTS. 


Material 1920 1921 
[LTS OAT REE Bes oe aes 5 hehe oO eS Iyeealean: 503 oso. - 1% gal. in 50. 
QI CATT os scien meee scotia oe Ste 316 A605, ie oe 4—7—50. 
OLEPUI TES CUTTS Ca areca oe a A a OOS GE ae A yas. s)4! 80—10—10. 
Dehydrated copper sulphate dust.......... 15 per cent dehy- | 20 per cent dehy- 
drated copper sul- drated copper sul- 
phate. phate. 


*Hydrated lime was used and at the rates indicated. 


The rate of dilution for lime-sulphur solution was increased from 114 to 1144 
gallons in 50 as the weaker dilution did not give complete control in 1920. 
Bordeaux mixture was made in 1920 with 6 pounds hydrated lime in 50 but 
was increased in 1921 to 7 pounds in 50 so as to more surely counteract any 
tendency to foliage injury. Most of the sulphur dust used in 1920 was of 
the 90-10 mixture (when poison was used), but in 1921 the 80-10-10 mixture 
was used. This mixture contains 10 per cent of hydrated lime which insures 
better distribution. The strength of the copper sulphate dust was increased 
from 15 per cent in 1920 to 20 per cent in 1921 and further, 10 per cent of tale 
was added to the mixture so as to improve its physical condition. 


Application. All dust was applied with a large power duster and the 
duster was usually drawn by a tractor. In 1920 the work was usually per- 
formed under satisfactory atmospheric conditions while in 1921 conditions 
were always favorable when the work was done, most of it being done in 
the evening or early morning. The trees were dusted from two directions 
at each application. A power sprayer which maintained a pressure of 225 
to 250 pounds was used for all spraying operations and the material was 
applied to the trees with a spray gun. 

Applications were made at the periods here indicated: 


ENGLISH MORELLO. 


1920 1921 


Ist. Just before blossoms opened Dusts and sprays Dusts and sprays 
2nd. Just after blossoms fell Sr araAe “ hee - 
3rd. ‘Two weeks after the second 


application « « « figs ft & 
4th. About July 1 KES» ith “ CS “ 
5th. After harvest oc 6 “ PAN “ 

MONTMORENCY. 
1920 1921 
lst. Just after blossoms fell Dusts and sprays Dusts and sprays 
2nd. Twoweeks after firstapplication. “ “ « Swink « 
-3rd. About July 1 Dusts only Neither 
“ “ 


4th. After harvest Neither 
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Lead arsenate was used on both dusted and sprayed plots in the two appli- 
cations after blossoms had fallen. 

The pre-blossom application was not made on the Montmorencies but was 
made on the English Morellos as they bloom later and are much more sus- 
ceptible to leaf-spot. In 1920 dust only was used at the July application on 
the Montmorencies as the fruit was so nearly ripe that the spraying materials 
would have stained it. In 1921 the same conditions prevailed and as no 
leaf-spot had developed even on the checks, neither the dust nor spray was 
applied. The ‘‘after-harvest”’ application of both materials was omitted on 
this variety for the same reason. 


Weather conditions. During the season of 1920 there was so much rainfall 
that conditions were quite favorable for leaf-spot development. There was 
a bad infection period in June and another later in the summer. In 1921 the 
early part of the season was very dry and unfavorable for leaf-spot but was 
more favorable from the middle of July until September. 


Fig. 22.—An English Morello tree from check plot showing the degree of defoliation which occurred 
by early August in 1920. In 1921 defoliation to a similar extent developed by September. 


RESULTS, 


Leaf-Spot Control. In the season of 1920, leaf-spot never became serious 
on the Montmorency trees, even the untreated ones showing no serious 
infection. These trees lost some foliage but not a noticeable amount. At 
the end of the season, the dusted plots showed some leaf-spot in the early 
stages but it did not cause any leaves to drop. The lime-sulphur plot showed 
some leaf-spot a little earlier in the season. In 1921 results with Montmorency 
were even less conclusive than in 1920 as no appreciable amount of leaf-spot 
developed even on the check trees. 
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With English Morello, however, the development of leaf-spot was very 
pronounced on the check trees both years. In 1920 there was a serious 
defoliation on the checks by July, probably half the leaves being lost. Early 
in August the foliage was quite thin and by September the trees were entirely 
defoliated. Considering the season as a whole, bordeaux ranked highest in 
leaf-spot control but it caused the loss of many leaves as noted below. Lime- 
sulphur ranked second and the two dusts a little lower than the lime-sulphur. 
The control in the bordeaux plot was not perfect and the other plots showed 
an increasing amount of leaf-spot in the order named above. There was 
little difference between the two dusted plots but sulphur dust gave slightly 
better results than copper sulphate dust. 

In 1921 the Morello check trees did not show any serious development of 
leaf-spot until August but by September these trees were practically defoliated. 
The control of leaf-spot by all materials was almost perfect but there was a 
difference in the effect upon the fruit and foliage as noted in the next para- 
graph. The better results with the dusts in 1921 may be due to the fact that 
the dusting was all done under favorable conditions. Other factors to be 


Fig. 23.—An English Morello tree from the bordeaux plot in 1920. All sprayed and dusted trees in 
1921 were in even better condition than this at the end of the season. 


considered are the different strengths of dusting materials and the weather 
which was less favorable to leaf-spot development than in 1920. 


Effect upon foliage and fruit. Bordeaux in 1920 caused serious foliage 
injury on English Morello and to a lesser degree on Montmorency. This 
injury was of the yellow leaf type and caused quite heavy defoliation, 
- especially on the English Morello trees. This injury developed just after a 
period of several days marked by dense fogs followed by high temperatures. 
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Such a condition is recognized as being ideal for the development of the type 
of injury found. The foliage of the trees in the lime- sulphur plot showed no 
injury but was usually not so bright in appearance as in the other plots. The 
foliage of trees in both dusted plots was in excellent physical condition. 

In 1921 there was no foliage injury and, in physical condition of foliage, 
the dusted plots ranked first, the bordeaux plot second, and the lime-sulphur 
plot a little below the bordeaux plot. 

An unusual effect of bordeaux upon the fruit of the English Morello devel- 
oped in 1921. The fruit in this plot was much smaller in size than on any other 
plot. A report of the same or a similar trouble has recently come from the 
Northwest.* The trouble there was evidently caused by the use of strongly 
alkaline spraying materials and was probably due to the same cause here. 
So little is known about the trouble at the present time that no definite state- 
ment can be made regarding it. 


Control of Brown Rot and Slugs. There was some brown-rot on the Mont- 
morency check in 1920, but it was completely controlled on all dusted and 
sprayed plots. There was also considerable injury by slugs in 1920 to the 
foliage of the check trees of both varieties, but none of this injury was found 
on dusted or sprayed trees of either variety. 


EXPERIMENTS WITH PLUMS. 


Summary of previous experiments. The only earlier work on plums which 
will be mentioned includes two experiments, one on Japanese and native 
plums in 1918 and another on Japanese plums in 1919. The foliage of such 
varieties is very susceptible to injury by most of the ordinary spraying ma- 
terials and one object of these experiments was to determine if sulphur dust 
would injure the foliage and the results indicated very plainly that it could 
be used with safety on Japanese and native varieties of plums. 


EXPERIMENTS IN 1920 anp 1921. 


Experiment at South Haven. At South Haven in 1920 on the H. E. 
Hawley farm, a comparative test of lime-sulphur, sulphur dust and copper 
sulphate dust was made. The variety was Lombard. It was a general test 
for the control of leaf-spot, curculio and brown rot but only leaf-spot will be 
considered here. The results were not conclusive as the foliage of the check 
trees showed no leaf-spot at any time during the summer and the foliage of 
the trees in all plots was in excellent physical condition at all times but the 
foliage of dusted trees was slightly better than that of the sprayed trees. 


Experiment at Hart. At Hart in 1921 on the Geo. A. Hawley farm, a com- 
parison was made of dusting and spraying for the control of leaf-spot, brown 
rot and curculio on plums. This work was done in three separate orchards 
and included five varieties, viz., Monarch, Grand Duke, Arch Duke, Lombard 
and Bradshaw. The materials used were sulphur dust and lime-sulphur. 

A detailed description and report of the experiment will not be given as the 
results were not conclusive because of the absence or small amount of injury 
by any of the troubles mentioned. Late applications of sulphur dust were 
made on other plots for the control of any brown rot which might develop 
after harvest and a detailed report of that work will be found in another part 
of this bulletin. 


*D. F. Fisher, Effect oF Alkaline Sprays on Sweet Cherries, Journal of American Society for Horti- 
cultural Science, Oct. 192 
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Dry Lime SULPHURS AND SIMILAR MATERIALS. 


EXPERIMENTS TO DETERMINE THEIR EFFICIENCY IN CONTROLLING APPLE SCAB 
AND PEACH LEAF-CURL. 


EXPERIMENTS FOR THE CONTROL OF APPLE SCAB. 


Comparative tests of dry lime-sulphurs and similar materials with lime- 
sulphur solution have been made for several years and the results of all work 
done previous to 1921 have been published.* A summary of that work is 
included in this report. 


Experiment in 1921. A comparative test of dry lime-sulphurs with lime- 
sulphur solution as summer sprays was made on Duchess apples at South 
Haven in 1921. This work was done in the Harriman orchard. The trees 
were about ten years old and had not been well sprayed in previous years. 


Materials and applications. Standard lime-sulphur solution and two 
brands of dry lime-sulphur were used as follows: 


1. Lime-sulphur solution, 114 gal. in 50. 

2. Dow dry lime-sulphur, 4 lbs. in 50. 

3. Sherwin-Williams dry lime-sulphur, 4 Ibs. in 50. 
4. Sherwin-Williams dry lime-sulphur, 6 lbs. in 50. 
5. Check plot. No treatment. 


Lead arsenate was used with all materials. 
Three applications were made as follows: 


1st. Pink application; when blossom buds had separated in the clusters. 
2nd. Calyx application; just after the petals had dropped. 
3rd. Two weeks after calyx application. 


Weather conditions. The season as a whole was quite dry, except very 
early just as the blossom clusters were expanding. There was so much rain 
during this period that it was impossible to make the “‘ pre-pink”’ application. 


RESULTS. 


The fruit from all the trees in each plot was sorted at harvest into two 
classes, “‘scabby”’ and ‘‘clean’’, and the results are given in table 21. 


TABLE 21.—RESULTS WITH DRY LIME-SULPHURS ON DUCHESS, 1921. 


Number 
Material apples Scabby, 
examined | per cent 


Lime-sulphur solution, 114 gallons in 50...................... ae 3617 11 
Dow dry lime-sulphur, 4 pounds in 50................2...0000. 1665 lyf 
Sherwin-Williams dry lime-sulphur, 4 pounds in 50.............. 1151 27 
Sherwin-Williams dry lime-sulphur, 6 pounds in 50.............. 726 29 
UMUC SN SN OME EIMEEII GS Oo hi es. «Hehe aoe enti oss Se awe ss ce 927 50 


*Special Bulletin 102 and Quarterly Bulletin, November 1920. 


478 


The percentage of scab given in this table include that caused by infection 
occuring either before or after the pink or cluster application, although the 
‘“‘pre-pink”’ application was not made because of unfavorable weather con- 
These figures show that the dry lime-sulphurs did not give as good 


ditions. 
control of scab as the solution. 


Summary of All Experiments with Dry Lime-sulphurs. A brief summary 
of all experiments with dry lime-sulphurs and similar materials should be of 


value and is shown in table 22. 
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TABLD 22.—SUMMARY OF RESULTS WITH DRY LIME-SULPHURS. 


Scabby, 
Materis] Year Variety per cent 

Lime-sulphur solution, 114 gal., in 50 gal..| 1917 | Spy................ Pail 

1919 Iiichess: a0 see. 15% 
19205 pOuchess sis. ences 24 
1921 Wirchess2). verre. 11 
INViCLAR Come 18 
Sherwin-Williams dry lime-sulphur, 3 to 4 OU 7is SIMSON Este +.h6s Ree eee 31 
Hass -ciinlces Ov reale eaten) Sass ae trea ier dar ae oe 1919 DWehess: ss: eases 31 
1920 Dwehess:, Asch scs 60 
1921 IDinGhess: nee re 27 
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This summary shows that the standard lime-sulphur solution has given 
in every experiment better control of apple scab than any of the dry lime- 
sulphurs or similar materials. 


DUSTING FOR THE CONTROL OF PEACH LEAF-CURL. 


A test was made at Saugatuck in the spring of 1919 to determine if leaf- 
curl can be controlled by the use of dusting materials. The results obtained 
from the use of sulphur dust and soluble sulphur dust were entirely unsatis- 
factory as neither gave any degree of control. This experiment has been 
reported in detail in Special Bulletin No. 102. 

Another similar test was made in 1920 at South Haven on the farm of Mr. 
Jas. Nicol. The trees were mature and the variety was Marshall’s Late. 


Materials and application. Two plots were dusted, two sprayed and one 
left untreated as a check. The materials used were as follows: 


1. Lime-sulphur solution, 21% gal. in 50. 
2. Lime-sulphur solution, 614 gal. in 50. 
3. Soluble Sulphur Dust (Niagara). 

4. Bordeaux dust (Niagara). 

5. Check. No treatment. 


The materials were all applied during the last week of March and the trees 
were entirely dormant at that time. 


Results. Weather conditions were not most favorable for leaf-curl devel- 
opment and the disease did not develop seriously even on the check trees, 
but there was sufficient infection to give a comparison. The trees were 
examined at different times, the last of which was early in June when the 
following comparisons were made. 

The trees in both sprayed plots were practically free from curled leaves. 
The trees in both dusted plots showed some leaf-curl but not to a large degree. 
The check trees had many curled leaves but little defoliation had occurred. 

The results of this experiment are not conclusive if considered alone but 
when considered with the results obtained in 1919, the conclusion must be 
made that satisfactory control of peach leaf-curl has not been obtained with 
dusts. 

Lime-sulphur solution, 214-50, gave results in this experiment equal to 
the results obtained from the use of lime-sulphur solution, 614-50. 


GRAPE DusTING EXPERIMENTS. 


Dusting experiments with grapes have been in progress during the seasons 
of 1920 and 1921 but no conclusive results have been obtained from this 
work. Dusting materials have been used for the control of black rot, the 
grape berry moth and grape leaf-hoppers, but it will be necessary to continue 
this work before any definite statements can be made as to the comparative 
value of the dusting and spraying methods for the control of grape pests. 


Poratro DustiInc EXPERIMENTS. 


Potato dusting experiments were begun in 1920 and continued in an exten- 
sive way in 1921. Work was carried on at Paw Paw, Van Buren County; 
Manton, Wexford County; Alba, Antrim County; Boyne City, Charlevoix 
County, and Levering, Emmett County. Power dusters were used at some 
places and hand dusters at others. A detailed statement concerning the 
experiments and the results obtained will not be included in this report but 
- the work will be continued and a report made later. 
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Special Bulletin No. 116. 
FOREWORD 


The purpose of this bulletin is to bring together under one cover, as 
far as possible, all available data on the agriculture of the Upper 
Peninsula of Michigan. This portion of the State is undeveloped agri- 
culturally, and it is important that all facts pertaining to this essential 
industry be compiled in a convenient form for the business man, the 
teacher, the prospective settler, and the farmer already engaged in 
agriculture. 

The data presented, unless otherwise stated, were taken from the 
Fourteenth United States Census Report (1920). The balance of the 
information was obtained from the experimental data of the Upper 
Peninsula Experiment Station, at Chatham, Michigan; from the United 
States Weather Bureau; and from observations and experiments con- 
ducted by county agricultural agents, extension specialists, or other 
representatives of the Michigan Agricultural College. 

The information is offered for the purpose of stimulating a more 
general and complete understanding of the Upper Peninsula and its 
agricultural development and possibilities. 

J. W. WESTON 
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THE AGRICULTURE OF THE UPPER PENINSULA. 


ITS PRESENT DEVELOPMENT AND POSSIBILITIES. 


BY J. W. WESTON, D. L. MCMILLAN AND G. W. PUTNAM. 


Conditions which make for comfortable and profitable living are 
present in Michigan’s Upper Peninsula. The vigorous interests of a 
developing country are combined with good markets, fine roads, good 
schools and churches, excellent railroad facilities, and a large acreage 
of fertile land. 

The summer climate of the Upper Peninsula is famous the country 
over, while those who know the section in the winter claim that this 
invigorating season, with its uniform climate and its winter sports, is 
exceptionally healthful and pleasant. The climatic conditions also 
favor the production of a wide range of crops and livestock. The mean 
annual temperature is about 40 degrees Fahrenheit, and the annual 
average rainfall is about 30 inches. A Jarge part of this comes in the 
growing season, 18 to 25 inches falling from May 1 to October 1. 

An area of more than ten million acres is included in the Upper 
Peninsula. From Menominee on the south to Keweenaw Point on the ~ 
north is a distance of 173 miles, while the territory extends 337 miles 
from the eastern end of Chippewa county to the state line on the west. 
It lies in the 46th Meridian and has approximately 1,000 miles of coast 
on the Great Lakes. Its elevation varies from 580 feet on the southern 
slope to 2,023 feet on the highest point in the Porcupine Mountains. 


Fig. 2. A general view of the Agricultural Experiment Station located at Chatham, Mich. 


Iixtensive areas of fertile soils, including cleared, cut-over, and 
timber land, are to be found in the upper country. Good yields of many 
crops are produced in Cloverland, and crop production, although exten- 
Sive, is only in its infancy. The present development is sufficient, how- 
ever, to forecast a great future for the region. . 

The Upper Peninsula is essentially a livestock country, with dairying 
now developed to a greater extent than any other phase of the farming 
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industry. A few of the best herds of the country have been produced in 
this part of Michigan. 

Potatoes, celery, and vegetables grown in this section have a quality 
and flavor which is unexcelled. The county abounds in delicious wild 
fruits, and the present development of small fruits and tree fruits is 
an indication that their acreage will be greatly increased in the future. 
Conditions in this section also favor successful commercial bee keeping. 

In short, the natural advantages of the Upper Peninsula are such as 
to indicate extensive growth and development for this section. 

Educational opportunities offered in this section are varied and 
highly developed. Most of the communities possess graded _ schools 
located within reasonable distance of all homes, or they have the town- 
ship plan of organization, in which there is a very high type of super- 
vision. The rural school without township supervision is not, in some 
instances, all that might be desired, but the situation is being corrected 
rapidly. It can be said in this connection that the rural situation 
in the Upper Peninsula is no worse than it is anywhere else. The 
standards of the rural school teachers of Michigan are much higher than 
they are in most states of the country, and so the school opportunities 
in most quarters are very good indeed. 

Among the state educational institutions in the district, the Michigan 
College of Mines and the Michigan State Normal School are noted for 
their activities and enterprise. Four-year courses leading to the A. B. 
degree are offered at the schools. 

A large and increasing mileage of good roads constructed and under 
construction allow great opportunities for development in the Upper 
Peninsula. Transportation facilities, taken in conjunction with the sec- 
tion’s proximity to the big markets, such as Chicago, Detroit, Buffalo, 
Minneapolis, St. Paul, and Duluth, guarantee adequate market outlets. 


Torn Turee GREAT INDUSTRIES. 


The three great industries of the Upper Peninsula are mining, lumber- 
ing, and agriculture. Of these agriculture, because of its great possi- 
bilities in the section, is destined to become the most important. Mining 
and lumbering, however, are of importance in their relation to the de- 
velopment of agriculture, and a brief summary of the scope of these 
industries is of interest. 


MINING, 


According to the United States Geological Survey of 1916, the 
total copper production in Michigan was 273,692,525 pounds, valued at 
$67,328,361, and the silver production was 716,640 ounces, valued at 
$471,549, giving a combined value of $67,799,910. This is an output of 
45 per cent over the value of the output in 1915 and is considered a 
record production for the district up to that time. A total of $28,840,548 
was paid in dividends by fifteen companies, in comparison with $15,000,- 
000 paid by ten companies in 1915. 

Iron production in Michigan in 1916 was 18,812,972 tons, valued at 
$45,848,330. The appraised value of Michigan iron mines in 1916 was 
$72,997,360 and the ore in stock $19,193,548, a total combined value of 
mines and ore in stock of $92,190,908. 
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Nearly one-third of all the iron ore and approximately one-sixth of 
all the copper produced in the United States are mined in the Upper 
Peninsula of Michigan. 


LUMBERING. 


The timber resources of the district are estimated at 30 billion board 
feet of standing timber. The annual sawmill cut amounts to about 
800,000,000 board feet. There is also cut. an amount of pulpwood, rail- 
road ties, fence posts, poles, chemical and firewood which totals about 
as much material as is represented in the sawmill cut. The natural in- 
crease, together with the timber now standing, allows for about a forty 
year cut at the present rate before the present supply is exhausted. 
Estimating the standing timber as worth $10.00 per thousand board 
feet, the annual production would have a combined value of from $12,- 
000,000 to $16,000,000 per year. 


AGRICULTURE. 


That substantial increases have been made within the last ten years 
is shown by statistics on the agriculture of the Upper Peninsula. In 
1910 there were in this section but 8,994 farms, containing 912,080 acres, 
of which 87 per cent or 339,602 acres were improved. In 1920 there were 
12,317 farms, containing 1,181,000 acres, of which 39.4 per cent or 


Fig. 3. Sheep on cut-over pasture. There are thousands of acres of fine pasture land 
now lying idle in the Upper Peninsula. 


465,546 acres were improved. In ten years the number of farms in- 
creased 37 per cent, the land in farms increased 29 per cent, and unim- 
proved land in farms increased 87 per cent. The land in farms in pro- 
portion to the whole area increased only 2.5 per cent during this period. 

The total 1920 value of all farm property, land, buildings, imple- 
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ments and livestock totals $69,226,085, an increase of 134 per cent over 
that of 1910. In 1910 the value of livestock was $4,106,324; in 1920 
the total was $10,346,027, an increase of 150 per cent. The above figures 
indicate a healthy development and are an index of what can be ex- 
pected in the future. 


TABLE 1—DATA SHOWING A GENERAL SUMMARY OF THE VALUE OF ALL FARM 
PROPERTY AS INDICATED BY AVERAGE VALUE PER FARM AND AVERAGE 
VALUE PER ACRE. 


Land Bldgs. Imple- 
All Farm | Lands and Alone Alone ments and Live- Crop 
Property Bldgs. per A. per A. Machinery stock Value 
Av. value per farm 
for U.P shes: $5 ,309 $4,144 $28 .32 $16.10 $456 $840 $1,185 
Av. value per farm 
for States is. 3: 8,976 7,313 50.40 25.09 623 1040) 4) e Ss toveteneee 
Av. value per acre 
fOr Oe ease $56.50 pe Oe: A rere (eicieicice Got $4.70 $8.76 $31.35 
Av. value per acre 
for Sfate...... 92.65 OAS NM olare GAtene seared tense! sxeeseotio rs ye 4.63 LOGS) hegre checks sues 


Fig. 4. One of the beautiful roads for which Cloverland is noted. 


There is in the Upper Peninsula, an area of 10,702,240 acres, of which 
1,181,000 acres are in farms, approximately 1,500,000 acres in Jack 
Pine plains, 2,700,000 acres in swamp land, and 1,100,000 in cut-over 
forest land not in farms, leaving a balance of 4,221,240 acres covered 
with forests. 
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Kleven per cent of the total area has been taken up in farms, and 
only 39.4 per cent of this area is improved. Not over 4.5 per cent of 
the total land area or 7 per cent of the tillable land is improved, leaving 
enormous areas of good land to be developed. The average acreage :per 
farm is 95.8 acres; the average improved acreage per farm is 37.8 acres. 
When classified according to size we find that by far the largest number 
of farms are included in those ranging from 20 to 160 acres or 88.8 per 
cent of all the farm lands are included in this group. 

The number of mars owned in whole or in part by operators totals 
11,213; 5,094 are free from mortgage, and 5,131 of the farms are mort- 
.gaged. The number of farms reporting debt is 4,810. The value of the 
land and buildings amounts to $20,922,070, and the amount of mortgage 
debt is $6,555,877, paying an average rate of interest of 6.1 per cent. 
Because the agriculture of the territory is new, this reasonable amount 
of indebtedness is due to acquirement of land, buildings, machinery and 
livestock. It is a good indication of the conservative and gradual de- 
velopment of the men interested in agriculture in this section, the ratio 
of mortgage debt to farm value being only 31 per cent. The necessity 
of extending credit to the new settler in order that he may become a 
financial success is fully as important as to furnish capital for the de- 
velopment of industrial organizations. The rapidity with which this 
‘Section of the State will develop will depend a great deal upon the far- 
sightedness of our bankers and businessmen in the extension of suitable 
credit for agricultural development. ; 


Fig. 5. Well established farms are found on good soils in areas that have been settled 
Over a period of fifteen or twenty years. Farm of A. Anderson, Chatham, Mich. 


The number of rented farms in the Upper Peninsula is probably less 
than in any other equal area. Of the 12,317 farms, only 1,104 farms, or 
9 per cent, are operated by tenants and managers. The farms operated 
by males total 11,798 and those operated by females 519. 

Among the many questions which arise from the investigation of 
the agricultural possibilities, would be that of the class of farmers who 
are already in the Upper Peninsula. The number of farms operated by 
native born whites amounts to 3,393, located principally in Chippewa, 
Delta and Menominee counties; the farms operated by foreign-born 
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whites amount to 8,888, and those by negro and non-whites 36. The 
reason for the large number of foreign-born whites on farms is undoubt- 
edly due to the opportunity offered the men to work in the mines or 
lumber camps after their arrival in this country. Many of them had 
a natural liking for agriculture from habits acquired in the old country, 
and after saving a little money decided that a better opportunity was 
offered them in the development of a farm, which they themselves could 
own and on which they could rear and feed their families. 


CROP PRODUCTION. 


The total crop area, according to the report of the 1920 Census, was 
345,187 acres, exclusive of 117,730 acres in pasture. This area is di- 
vided as follows: 67,628 acres in oats; 18,483 acres in wheat; 9,846 in 
barley ; 4,624 in rye; 605 in buckwheat; 222 in navy beans; 6,718 acres 
in peas; 250,540 acres of hay; 17,401 acres of potatoes; 962 acres of other 
vegetables; and 697 acres of sugar beets. 

The total value of all crops amounts to $14,598,976, divided ag fol- 
lows: cereals, $2,276,978; other grains and seeds, $291,542; hay and 
forage, $7,395,655; vegetables, $4,213,254; fruit, $308,860; and all other 
crops, $91,039. 

The above figures are of interest in that they show the principal crops 
and the adaptability of this section to a certain type of agriculture. 
The main crops in their order of importance are: hay, potatoes, grain 
and fruit. 

The acreage of corn for grain totals 1,000 acres and for forage pur- 
poses 2,858 acres, which shows that this, the most important crop in 
the country farther south, has not become widely used or adapted to this 
section of the State. 

Hay constitutes the largest single item, timothy and clover mixed 
constituting by far the largest area, or 206/561 acres. Timothy alone 
takes 20,747; and clover alone 2,731 acres. The alfalfa acreage amounts 
to 327 acres. 

Sugar beets are reported from Menominee and Delta counties. The 
Upper Peninsula has other areas suited to sugar beet production, and 
these combined with the favorable climatic conditions, will allow the de- 
velopment of this crop in a suitable rotation. 

The average crop yield per acre as estimated by the U. S. Depart- 
ment of Agriculture and Bureau of Markets, Crop Estimates, gives the 
following averages for a twelve-year period, 1910 to 1921, inclusive: 
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TABLE 2.—AVERAGE CROP YIELD PER ACRE, UPPER PENINSULA, 


Winter Spring Buck- 
Year Wheat, Wheat, Oats, Barley, Rye, Potatoes, Hay, wheat, 
bushels bushels bushels bushels bushels bushels tons bushels 


PRE ey acne Tic ga 26.0 23.0 20.0 153 1.08 20.0 
Sb oS ee Si ee 34.0 27.0} 19.0. 128 1.64 20.0 
Pee ose i ee i aa 32.6 29.5 21.4 140 1.49 20.7 
1 0, a ne ea i ee 42.8 33.8 22.3 166 1.35 26.2 
(ho END) ene 33.9 33.0 22.2 152 1.30 20.0 
i oe ee ee 27.5 19.1 47.1 38.8 23.8 74 1.80 14.5 
i) A ee 18.2 15.0 28.7 26.8 22.4 98 1.77 12.8 
Ty el ae ee 20.0 18.0 37.0 29.0 15.7 142 1.50 17.0 
AT eee 18.1 25.1 42.9] 32.0| 17.0 148 0.94 23.7 
het A ae er aE 14.0 11.7 26.9 19.3 15.7 97 1.40 15.4 
fi Le area ae 13.1 jot 39.8 24 8 16.8 158 an ou eee.. 
Fister ean et oe 11.7 11.7 18.1 19.3 15.6 104 Tt eee 
Ee PE SS SUE EG aa Ss aa (rae aba ke sl ea al Io PUN NZS aa 
Ee eae 18.6 16.2 34.2 28.0 19.3 130 1.38 19.0 
Vel pare ean nn See 34.0 26.0 14.7 91} 1.30. 14.3 
cn nd ane, Gil aoe soa pave hs) sea wah 
She eo ee na 14.8 34.01 24.6 18.8 103 1.54 16.7 


HORTICULTURAL PRODUCTION. 


The fruit industry in the Upper Peninsula is in its infancy. It has 
received some set-back due (1) to the planting of varieties not adapted 
to the climatic conditions of this section and (2) to the planting of un- 
known varieties which have in recent years come in to bearing and in 
a great many instances the fruit of which has not been of a good quality. 
This has had a tendency to discourage the farmers from expanding along 
the lines they should in order to take care of their home needs. 

Fruit-growing depends principally upon climatic and soil conditions. 
The favorable areas are those situated adjacent to the Great Lakes. 
They have good air, drainage, and the large bodies of water temper the 
climate and make conditions favorable for fruit production. The total 
number of orchard trees not bearing is: 100,885, while the number of 
bearing trees is 176,802. Of the foregoing trees 260,474 are apple, 11,082 
cherry, 5,460 plum, and 477 pear. One hundred and twenty-five acres 
produce strawberries and 14 acres are devoted to raspberry culture. If 
the fruit trees were uniformly distributed, it would mean that there 
would be 22.5 fruit trees per farm. 

The maple sugar and maple syrup industries have not developed as 
would be expected of an area having such large numbers of sugar maples. 
The total number of maple trees tapped amounts to 25,199; amount of 
maple sugar made, 674 pounds; gallons of maple syrup made, 5,084. 
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Fig. 6. A field of clover hay located near Escanaba. Clover is the most important 
legume hay crop in the peninsula. 


LIVESTOCK, 


The 1920 census shows that the value of domestic animals, poultry, 

and bees in the Upper Peninsula amounted to $10,346, 027, divided ac- 
cording to the following table: 

TABLE 3—SHOWING THE 1920 VALUE OF DOMESTIC ANIMALS, POULTRY AND BEES 


Total Average 


‘value per farm 
Motel mum ben cattle onepaeei eae nit ch eee eee eet Cet eee eee 96,313 | $5,307,996 7.8 
Total TUMbErAairyiGOwsaacetepscrMes isch Mee een ciescleie Bice es ore eee 88,970 | 4,986,459 7.2 
Thtalnumber horses! sxe 5) Fin, cee etre Porcher eco amit. Satis eth operas ere rena 25,069 | 3,915,404 2.0 
Total muimberiswitle.sts: be. cfiteaw... comet eee ae: eee ea aS 22,502 448 551 1.8 
Total number sheep............-.-- NT) SATE BOT tel Sees 30,401 | 370,046 25 
Totalmuthber beef.cattlonivetscoce oe et Ciena oreo eee aa dcr ce ee 7,346 321,437 6 
VTotalimumboarnoulieys. oc. te ee aes, ee eh, Cea 286,688 | 287,241 23.5 
Salonies of bods SOA HE EA OTT one ite Piet een Reie ey tt er tate AMES cos COG Ris cot tie 496 4340 ihc Po tetraacien 
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THE CLIMATE OF THE UPPER PENINSULA* 


GENERAL STATEMENT. 


Considerable differences in elevation and the fact that the territory 
is nearly surrounded by great bodies of water, give the Upper Peninsula 
a variable climate. On the elevated sections in the interior, which are 
some distance from the influence of the lakes, the temperature is ex- 
tremely low in the winter and the summers are cool. Along the lake- 
shore, however, the temperature is moderate even in mid-winter. In 
the latter section, spring frosts are uncommon after May 15 and fall 
frosts do not usually occur until after October first. The growing sea- 
son, therefore, in these favored sections is as long as that in central- 
southern Michigan. 
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Elevation map of the Upper Peninsula. 


In practically all parts of the Upper Peninsula the rainfall is suffi- 
cient for growing crops. In fact the rain which comes during the grow- 
ing season is somewhat heavier than in the Lower Peninsula. One 
marked characteristic of a narrow strip along the shore of Lake Superior 
is the heavy snowfall in that section. No place in the United States 
has more snow than this region. 

Tornadoes are practically unknown to the Upper Peninsula, although 
thunderstorms sometimes develop great energy. The amount of damage 
on the whole is not extensive. Summer seasons are agreeable and sought 
by tourists in search of health and pleasure. 

The accompanying charts show graphically the outstanding features 


*By D. A. Seeley, U. S. Department of Agriculture, Weather Bureau, Lansing, Michigan. 
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of the temperature, rainfall, snowfall and frost conditions in the Upper 
Peninsula. 


TEMPERATURE. 


The average temperature for the year, Chart I, shows that the coldest 
section is the central-western portion of the peninsula where the eleya- 
tion is one thousand to one thousand five hundred feet above the lake 
level. The highest average temperature is found in the extreme southern 
portions of Menominee county. The Keweenaw Peninsula, although ex- 
tending far to the northward, has a mean annual temperature of forty 
degrees, which is higher than the interior, northern counties of the 
Lower Peninsula. 

Chart II shows the average minimum temperature during the grow- 
ing season. The coolest weather, on the whole, is in the extreme north- 
ern portions of Luce and Chippewa counties. The warmest section is 
the extreme southern portion of the peninsula, in Menominee county. 


9° Eagle Harvor 


Whitefish Pt, 


Chart II. Average temperature during the growing season. 


The average daily maximum temperature for the growing season is 
shown in Chart III. The effect of the lakes in keeping down the tempera- 
ture is marked. It will be noted that the warmest sections, including 
the elevated regions, are those in the southwestern portions of the 
peninsula. There is a difference of ten degrees and more between the 
average high point reached daily by the thermometer in Iron county and 
northern Chippewa county during the growing season. Between the 
extreme northern and extreme southern ends of Luce county there is 
a difference of seven degrees in the average daily maximum temperature. 
The chart brings out the fact that over most of the counties the tempera- 
ture is not high enough to grow all farm crops. 

This fact is clearly shown in Chart IV, which gives the average daily 
minimum temperature during the growing season. It shows the tempera- 
ture is lowest over most of the sections which are highest on Chart III. 


492 STATH BOARD OF AGRICULTURE. 


Eagle naroor 


Chart ITI. Average maximum temperature during the growing season. 


At night the temperature falls decidedly over the interior sections, especi- 
ally where the elevation is greater. The days are warm but the nights are 
cold. There is, on the average, a difference of twenty-eight degrees be- 
tween the early morning and afternoon temperatures in interior regions, 
from Alger county westward. Along the lake shores the range is less 
than eighteen degrees, on the average. The great body of water, having 
a fairly uniform temperature tends to hold the adjoining land areas to 
somewhat the same conditions, not only from day to night but from sum- 
mer to winter. 


Whitefish Pt 


Chart IV. Average minimum temperature during the growing season. 


The highest temperatures on record are shown by Table 5. The ex- 
treme maximum, 108 degrees, was registered at Marquette, on the Lake 
Superior shore. Such temperatures could be recorded only under un- 
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usual conditions, and maximum temperatures above 90 degrees are rare 
along the lake shore. It requires a combination of conditions, such as 
southwestern breezes of just the proper force, a clear atmosphere con- 
taining but little moisture and a distribution of atmosphere pressure 
tending to prevent the shift of wind to “on shore” rather than “off 
shore” breezes. Usually when the land areas adjoining large bodies of 
water becomes excessively hot, convectional currents are established 
with strong breezes from the lake during the afternoon, causing very 
decided falls in temperature. These are called “land and sea breezes” 
and are common throughout the Great Lakes region. 

It will be noted that temperatures have reached 100 degrees or 
higher at a majority of places in the Upper Peninsula. This can be ac- 
~ counted for from the fact that southwesterly currents which are usually 
present during hot waves, have a clear sweep over much of the region, 
without having crossed large bodies of water. When these currents do 
encounter large bodies of water they are reduced in temperature as 
illustrated at Manistique, on the north shore of Lake Michigan where the 
extreme maximum is but 89 degrees. Another reason for the extremes 
in temperature in the Upper Peninsula is the clearness of the air in that 
region, and the fact that the daylight period is longer. The time be- 
tween sunrise and sunset is 30 to 40 minutes longer in the Upper Penin- 
sula of Michigan than in southern Michigan, during the summer season. 
(See Table 4.) 


TABLE 4—A TABLE SHOWING THE POSSIBLE NUMBER OF HOURS OF SUNSHINE 
DURING THE GROWING SEASON AT SAULT STE. MARIE AND LANSING, MICHIGAN 


Possible hours of sunshine 


a a 


Station 


Latitude May June July Aug Totai 
Sali tes Marie.une sche cet ctor 46°-30’ 461.8 468.6 474.3 440.4 1,845.1 
EADS ie teaki teeter itente oe 42°-44’ 454.7 459.4 “464.9 430.7 1,809.7 


Table 5 shows the lowest temperature ever recorded at various places 
in the Upper Peninsula. The extreme lowest, —49 degrees, was registered 
in the elevated regions of Marquette county, at Humboldt, about 35 miles 
from Lake Superior. At the city of Marquette, on the lake shore, the 
lowest ever recorded was —27 degrees. In the Keweenaw Peninsula, al- 
though much further north, —24 degrees is the lowest ever reached either 
at Eagle Harbor or Calumet, clearly showing the temperating effect of 
the lake. Cold waves come from the Canadian Northwest and are 
ushered in by strong northwest winds. These must traverse the rela- 
tively warm waters of the Great Lakes before striking the land, and their 
frigidity is markedly reduced. Likewise in the fall season, when great 
masses of cold air, originating in Northwestern Canada, tend to swoop 
down over Michigan, the lake water, warmed through the previous sum- 
mer, gives up its heat to the oncoming cold breezes and frosts are pre- 
vented along the immediate lake shore. Further inland these breezes 
loose their heat again and frosts occur very early in the season. This 
is strikingly shown in Chart VI. 
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TABLE 5—DATA SHOWING THE ELEVATION, LENGTH OF RECORD, TEMPERATURE 
AND PRECIPITATION AT WEATHER BUREAU STATIONS, UPPER PENINSULA. 


Temperature Precipitation 


S e —E i= q q mq > she 
Station County 3 = eae le! oe = 5 2 z S = Sila 

= hg, i ete (em == Osa z 2) S38 jae 

Ah hain Ba joes oe alt et) ee Sl ae 

ve a & 3 =I z 5 qa o o.8 od 

Biles) irae eile 8) 0) GB poh | eee 

& | 2 | $ | 88 |sse(sse| & | @ | & | SH] SB 

ies} | | tere es = 4 a3} <q |< =< 
Barmland secccses ae der Ontonagon........|1,300 12 | 39.7 | 57.0 | 67.4 | 46.6 | —48 | 101] 31.4 | 13.9 104 
Calumeter. ccc tosses Houghton......... 1,246 34 | 39.6 | 58.9 | 68.0 | 49.8 | —24 101 | 32.6 | 12.4 98 
Gat names isso ce.cle Alger’y ceosickine ne 875 21 | 38.9 | 57.6} 70.5 | 44.7 | —44] 101 | 33.3] 13.0 107 
DeseriParkes se wae ees TRICO Sone ecie st 610 20 | 40.0 | 57.1] 67.6 | 46.6 | —38 102 | 27.3] 10.7 87 
Evzle Harbor......... Keweenaw .| 622 23 | 40.1 | 56.5 | 66.1 | 46.9 | —24] 100] 29.0] 11.4]...... 
BIsGana Dass cretere kere satel Delta... .... .| 612 49 | 40.9 | 59.9 | 68.6 | 51.2 | —32 100 | 30.4 | 13.4 58 
BLO soe tee sivae's eter Ontonagon ./1, 147 21 | 38.9 | 59.7 | 73.9 | 45.5 | —47 101 | 28.3 | 10.7 107 
Gand Marais Ridal| CAUBOR ssc: .| 610 21 | 40.2 | 56.9 | 65.9 | 47.9 | —32 98 } 29.5 | 10.5 107 
Houzghton.... ..| Houghton... -| 668 21} 39.9} 59.8 | 69.5 | 50.1 | —27 103 | 32.6 | 12.8 117 
Huinboldt...... ..| Marquette. . 11,536 25 | 37.4 | 59.2 | 74.1 | 44.4 | —49 |] 102 | 25.6 | 11.0 64 
Iron Mountain.......| Dickinson.. 1,111 21 | 41.7 | 62.8} 75.1 | 50.6 | —33 104 | 27.7 | 13.7 45 
Iron River....... Sa WeOM score see .|1,504 25 | 39.2 | 60.6 | 74.6 | 46.7 | —47 100 | 34.1] 14.6 65 
Ironwood.... Govebicichtccccees 1,520 19 | 40.4 | 60.8 | 71.6 | 49.9 | —37 96 | 32.4 | 13.8 97 
Ishpeming. Marquette........ 11526 | 22] 39.1] 60.1 | 71.4 | 48.8 | —32| 100 | 32.0 | 13.4 87 
Manistique. . ....| Schooleraft........ 613 8 | 41.5 | 58.4 | 67.1 | 49.6 | —28 89.) 32.6114 35 soe eee 
Maple Ridge......... Deltatneaatses oes! G0 15 | 39.9 | 59.6 | 72.1 | 47.0 | —83 | 100 | 31.8} 138.5 79 
Marquette........... Marquette........ 734 51 | 40.5 | 59.2 | 67.9 | 50.4 | —27]| 108 | 32.6] 12.8 121 
Menominee.......... Menominee....... 581 23 | 43.6 | 63.0} 72.3 | 53.8 | —27] 102 | 27.0 | 12.6 42 
Winner SSR Baace Algerio occ sccce sie Ook 25 | 39.5 | 57.7] 69:1 | 46.3 | —28} 101 | 30.7 | 12.5 95 
Newberry............ LST Wasnt cab er 773 20 | 40.1 | 59.8 | 71.4 | 48.2 | —32 97 | 25.8 | 10.0 81 
NOL Way ees recite cls Dickinson.........| 816 + Sol La peat Pye easel pectic) eae = 3S LON ee eae] terest ll eens 
POWEFS dszeture ato/ousin > 01018 Menominee....... 868 22 | 40.7} 60.5 | 74.0 | 47.0 | —39 LU Ral Wessel (aeeee| (6 beers 
StaileaaCGscels.cccursins Mackinac......... 593 31 | 41.2 | 60.8 | 72.1 | 49.5 | —35 96 | 27.0 | 10.7 60 
Siult Ste. Marie Chippewa......... 614 32 | 39.6] 57.8 | 68.3 | 47.4 | —37 94 | 30.0 | 11.9 70 
OEE NEA Wicteteverohal eke le ial siereie Houghton......... 1,380 rs is OA sh ss ogee | aera ei cst —43 982) 28x6ui lon See 
ViGhOnasdacecms soiree Ontonagon........|1,263 1D) 40. 0 5984 ee 4622)" 371) LOO Pot | a tees 
Whitefish Point....... Chippewa......... 610 22 | 38.9 | 54.2 | 62.2 | 46.3 | —30 97} 33.4 }).11.5 104 


tAverage. 
*May, June, July and August. 


FROSTS. 


Charts V, VI, and VII show, respectively, the average dates of the 
last killing frost in the spring, the first in autumn and the length of 
the growing season in various sections of the Upper Peninsula. These 
are probably the principal limiting factors, as far as the climate is con- 
cerned, in crop production in northern Michigan. 

The lakes, however, prevent late frost in spring and early frost in 
autumn, along a narrow strip of shore line and thereby increase the 
length of the growing season in this limited area by 50 to 60 days, as 
shown in Chart IX. The time of late spring and early autumn frosts 
along the lake shores compares favorably with sections in central- 
southern Michigan and the length of the growing season in the two sec- 
tions is about equal. In some of the more remote interior districts of 
the Upper Peninsula, however, frosts occur in nearly every month of 
the year. 

In practically all portions of the eastern half of this region the 
erowing season averages more than 100 days while it is but 80 to 100 
days in length, on the average, in all interior, western counties. The 
length of the growing season decreases rapidly from 147 days at Mar- 
quette, on the lake shore, to 79 days at Humboldt, about 35 miles away 
and 800 feet higher in elevation. 
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RAINFALL. 


Charts VIII and IX show respectively the normal annual rainfall and 
the average during the growing season. This rainfall is sufficient for 


farming operations in general. It is lightest in the interior elevated 
regions. 


Chart VIII. Average annual rainfall (including melted snow). 


1] '" Whitefish Point 


Chart IX. Average rainfall during growing season (May, June, July and August). 


Chart X shows the average annual depth of snowfall. Here again 
the effect of Lake Superior is clearly brought out. The heaviest snow 
occurs along its shores where the moisture-ladened air comes in con- 
tact with the cold land areas and the moisture is condensed into snow- 
flakes. Snow piles up to great depths along the shore, and several miles 
inland, decreasing gradually away from the lake. 
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TABLE 6—DATES OF FROST AND THE AVERAGE LENGTH OF THE GROWING SEASON, 
UPPER PENINSULA, FOR TEN YEARS OR MORE. 


Station County 

Berelandssn. cassesee seas news ee - Ontonspon’s cnn consent t es 
(CHT es eee aos bcseiventd Gone FR GUSHGOY. oss circa mouse ese os 
(CAA EYC snipe eon errs RO ee ALR Ore 8 cas (nc Soeiae reese eee 
I ECADAT IES apes a oeWh atc ots aese UCR oes ee eos 
Biasote ebanD DE sce eae cisie ace cocoa: WeWwOOuaWine le odes leo eee 
LESTE) Ds Gate gat aaa me ae Se Weltaes. Aca gene ease ae 
IW ELIRUR SE Past Ne. ae eR es roll COM LONOL ON s.taia. ct Aare shila oer 
GrandiNMaraiste ses cot soar eds aoe. Al renee) ov oct etn ee ae ee 
ELGAR TOME) mete ore ete ote ee rE LOUL COM sista ote Noten tereene ore 
tar boltss se eee acces el arguGttes.cceaenen abe ssc caceres 
from Mountain: 0250 0.5220 ie - 6 me: Dickmsanes ts jase bees ccesciees 
Uonehinvans. emer cre fic caoeiine ees 1) aa ASP ee ae er 
PRON WOOD ns Neet.ets eer ccna ae es GOgepicsssc deus dyadeadeee ace wee 
fshipemings.tocennss bette oe ate ees IMaranettess 0 decisis co aceces 
Mamnistique: tc tsacias scien smtresion= Schoolaralt /- ccrie.)- ats esse ote <-) 
MaplewRidges.s helncnuerc sista asset Dalised teeters wees ven yon nee 
Marcuchbessscncmocee sa saltasionca IMardnoties.chasas es aoote see 
Monomines 45.0. oac%.-2 sieenet eee: Menominee? ..:,.:33)-sce sud os aes 
1H ATTIC Sat eR LN Pa Se Se aes te NE ie Ie 
ING Wherry: siueccore sat eseae ae tes Luce 

POWERS ses tecsectass outros ascites Menomitiee.. fines sb scan 
DU GIPNACO c= eats syemerssacieseie es Mackinac. sos acascen wastes trneny: 
DAU abeaMariey ss". = sas aaa as Chippewals-o-ni acca eet oe 
Dana wee: away akan as ails Ifoue htone spec ate eee care 
Niuceneht: aide eo, 5.) Ghinnawass.cts eater dec et 


Average 
date of 
the last 
killing 
frost in 
spring 


June 9 
May 13 
June 14 
May 27 
May 24 
May 11 
June 12 
May 17 
May 11 
June § 
May 27 
June 2 
May 22 
June 8 
May 16 
June 10 
May 13 
May 12 
June 19 
May 26 
May 31 
May 13 
May 15 
June 17 
May 22 


Average 
date of 
the first 
killing 
frost in 
autumn 


u io) 
e¢ ° & 
Ko) + 3S 
poteeg 
w or for) 


Oct. 8 
Sept. 19 
Sept. 23 
Sept. 11 
Oct. 4 
Sept. 30 
Sept. 5 
Sept. 13 


Average | Latest 
length date 
of the killing 

growing frost 
season, | recorded 
in days | in spring 

89 | Jun 28 
153 | May 30 
81 | June 30 
123 | June 28 
143 | June 7 
147 | June 5 
78 | June 23 
151} June 1 
151 | May 26 
79 | July 1 
123 | June 15 
89 | June 30 
124 | June 23 
101 | June 22 
127 | May 27 
97 | June 27 
147 | June 5 
149 | June 21 
92 | June 28 
120 | June 23 
104 | June 27 
145 | June 28 
138 | May 29 
80 | June 28 
144 | June 30 


Earliest 
date 
killing 
frost 
recorded 
in 
autumn 


July 25 
Sept. 16 
July 16 
Aug. 9 
Sept. 13 
Sept. 14 
July 19 
Sept. 12 
Sept. 27 
July 16 
Sept. 5 
July 21 
Aug. 25 
Aug. 
Sept. 
Aug. 30 
Sept. 28 
Sept. 16 
Aug. 27 
Aug. 27 
July 19 
Sept. 1 
Sept. 5 
Aug. 17 
Sept. 21 
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TABLE 7—DATA FROM REPORTS COVERING TEN OR MORE YEARS WHICH SHOW 
THE AVERAGE TEMPERATURE AND RAINFALL PER MONTH AT THE WEATHER 
BUREAU STATIONS OF THE UPPER PENINSULA. 


a MEAN AVERAGE TEMPERATURES. 
| An- 
Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. } Oct. | Nov. | Dee. | nual 

mean 
Bergland|. Hatch acne 9.7 | 12.2 | 24.8 | 39.6 | 51.3 | 61.7 | 66.1 | 62.6] 55.1 | 44.4 | 31.1] 18.2 39.7 
Caliimepea oss ca co eee 15.2 | 13.3 | 23.1 | 37.4 | 48.5 | 59.6 | 64.5 | 62.3 | 55.5 | 44.2 | 30.7 | 20.6 39.6 
Chatham 13.8 | 12.9 | 23.3 | 36.1] 47.5 | 58.1 | 63.4 | 60.8 | 54.2 | 44.3] 32.6] 19.6] 38.9 
Deer Parkes, occ 17.9 | 14.9 | 24.0 | 36.2 | 46.9 | 56.5 | 62.8 | 62.2 | 56.2 | 45.8] 34.0] 22.3] 40.0 
Eagle Harbor..........-.-.| 17.8 | 15.2°| 25.5 | 37.2 | 46.2 | 55.2'| 62.1 | 61.7 | 56.0 | 45.3 | 35.1 | 93.8 40.1 
WsGanaba ey. cer kee eis 15.3 | 15.2 | 24.1 | 37.4 | 49.3 | 60.7 | 66.4 | 64.3 | 57.0 | 45.9 | 32.9] 21.8] 40.9 
HEiwen.................-.-.| 11.2 | 11.8 | 23.5 | 36.1 | 50.6 | 60.6 | 65.2 | 61.3 | 54.9 | 44.6 | 30.3 1.16.5 38.9 
Houghton.................] 13.9 | 13.9 | 22.4 | 36.8 | 49.2 | 59.5 | 65.7] 63.6 | 56.5 | 44.0 | 31.6] 21.5] 39.9 
Mumboldts33 2... cen- eno 10.3 9.6} 20.2 | 34.8 | 49.0 | 59.1 | 63.3 | 60.2 | 53.8 | 43.0 | 28.5} 16.4 37.4 
Tronthiver.: see acecen 11.0 | 11.2 | 24.2 | 39.2 | 51.2 | 60.2 | 65.4 | 62.5 | 55.2 | 44.1 | 29.7] 16.5 39.2 
Marquette; anceeeen one 15.9 | 15.9 | 23.7 | 37.5 | 49.0 | 58.5 | 64.9 | 63.5 | 56.8 | 45.7 | 31.9 | 22.9] 40.5 
Menominee. . ...-| 17.3 | 16.7 | 28.7 | 40.2 | 51.4 | 64.4 | 69.0 | 66.7 | 59.9 | 49.5 | 35.9 | 23.3 43.6 
Newberry................-| 15.1} 13.3 | 23.9 | 39.0] 50.2 | 59.4 | 65.2 | 62.3 | 54.8] 45.7 | 32.0 | 20.6 40.1 
Stolgnaces.cs...cnes nes) 187 | L487 243 °38-9)) bl) | S9es8iGhedn | Gge7 [250.9 | 4007 jess | eedeon eee 
Sault Ste. Marie...........} 13.3 | 13.4 | 21.3 | 35.7 | 47.7 | 57.6 | 61.9 | 60.6 | 54.3 | 43.4 | 30.7] 20.5 38.4 
Whitefish Point............] 17.0 | 13.4 | 22.8 | 34.4 | 44.1] 53.1 | 59.6] 60.9 | 56.0 | 46.6 | 34.6] 23.8] 38.9 

PRECIPITATION (RAINFALL ) 

Bergland eens nau senses as co 1.59 | 1.38 | 1.84 | 1.90 | 3.16 | 3.30 | 3.94 | 3.49 | 3.30] 3.20 | 2.02 | 2.27 | 31.39 
Chathamrpaes eee 1.96 | 1.77 | 1.51 | 2.05 | 2.80 | 3.55 | 3.49 | 3.16 | 4.21 | 3.23 | 3.06 | 2.50 | 33.29 
Bagle:Harbor..............| 2.55 | 1/61 |" 1-94 | 293°) 2-91 |) 2.92) | 2962") 9.99) || 3.93) 1-236) 2.3771 2 a ORG 
HSCANADA Fe ysecies Cae 1.47 | 1.43 | 1.94 | 2.15 | 3.14 |] 3.44 | 3.35 | 3.47 | 3.38 | 2.93 | 2.19 | 1.68 | 30.42 
Hiwensecrrs scree nicteerr ee 1,79) 1568") 2.14) 2.07) 2754 |) 2.7801) 22945)" 2.46] 308+} 2.038") 25a! | 2ea2|a8e29 
Houghton rc s.-nacessmce st) 2004.) Lev si 2210) |) 3°03) 73 229)"| 8-495) Sa10)| 2. 87a) Besa sats e2tS0l leona zalpo eae 
Humboldt: ip .cccact- sees. | DE22\O9b) W484] 177 | 2°80 S206) (33 1947 si) 32408 PoeSe8n oo) Slee Sones 
Tron ghuivencntae tee ee 1.44 | 1.46 | 2.40 | 3.24 | 3.60 | 4.81 | 4.52.) 2.01 | 3.92 | 3.20 | 2.22) 1:76 | 34.08 
Maraiiettoracasencane acne 2,04 | 1.72:| 2.08 | 1.99) 3.32 | 3:51 | 3:10 | 2°86 | 3-51 | 3.19) | 2.79 | 275271" 32"63 
Menominee i cyecn.c ae ee 1.06 | 1.12 | 1.57 | 2.32 | 3.08 | 3.06 | 3.66 | 2.84 | 3.09 | 2.31 | 1.72 | 1.17 | 27.00 
Newberry:.:/......2....-.| 1:69 | 1.26)] 1.76 | 1.66 | 2.61 } 2.89 | 2:05 |) 2.44 | 2.94 |-2°67-| 2-96") 1-56] 25.79 
Ntakenaconnensae aeons 1.82 | 1.29 | 1.56 | 2.03 | 2.81 | 2.36 | 2.94 | 2.59 | 2.55 | 2.54 | 2.66 | 1.88 | 27.03 
Whitefish Point............ 2.26 | 1.75 | 2.20 | 2.17 | 3.07 | 2.84 | 2.90 | 2.65 | 3.99 | 3.08 | 3.27 | 3.17 | 33.35 


Whitefish Pt. 
ay 


Chart X. Average annual snowfall in inches. 
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Tap Sorts of THE Urprer PENINSULA.* 


A considerable variety of soils is found in the Upper Peninsula. 
These soils range from heavy clays to sandy soils, including a number 
of types of loams between these extremes. It has been estimated that 
ee cent of the soils of the district may be used in productive agri- 
culture. 

Two general classes of swamp lands are also found. The first of 
these comprise small upland swamps, in some cases occupying what 
were originally small lakes or ponds and formed of materials which 
have largely grown in or upon these waters until the accumulations 
now occupy the place originally occupied by them. The second of these 
which may be termed lowland swamps, occupy much larger areas, but 
have been formed in much the same manner. 


. 
/ 
J | 
4 / 
; | 
. ps 1 


Fig. 7. Substantial farm buildings are an indication of a good farm and prosperity. Barns 
on the Fleming farm near Matchwood, Ontonagon County. 


DISTRIBUTION OF SOILS. 


In general, soils often vary within short distances, so that on a 
single forty acres may be found sands, clays, loams and muck. On the 
other hand, there is a rather marked geographic grouping of types of 
soil. 

Clays—The Superior clay. may be said to be found in three groups. 
The first occupies eastern and southeastern Chippewa county, extending 
somewhat into northern Mackinac county. In this area is found the 
oldest agriculture in the State of Michigan. The second clay area oc- 
cupies a considerable portion of the Ontonagon Valley. The third clay 
area comprises probably 100,000 acres in the Sturgeon River valley. A 
fourth and smaller area of clay lies adjacent to Huron Bay and Keweenaw 
Bay. 

The clays vary in depth from a few inches to 200 or more feet. At 
Ewen, the clay reaches a depth of over 200 feet. 

Loams and Sands—Adjacent to but lying chiefly to the west and south 


*By Jos. A. Jeffery, Agr’l Development Agent, D. S. S. & A. Ry. Co. in e0-operation 
with the Experiment Station. 
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of the clays are extended areas of loams, tapering or merging in many 
instances into sandy soils and sands. 

There are extended areas of loam soils. One of the most characteristic 
of these includes the greater part of Menominee county, western and 
northwestern Delta county, southern and eastern Marquette county and 
western Alger county. 

The loams adjacent to the clay areas are frequently underlaid by 
clay. 

Bordering Lake Michigan and Lake Huron and at points reaching 
well northward toward Lake Superior are deposits of limestone and 
calciferous shales. Loam soils, of which there is a considerable area, im- 
mediately over-lying these deposits, possess splendid agricultural values. 


Swamp or Muck Soils—The chief areas of these lands lie in the eastern 
part of the peninsula and occupy considerable portions of the valleys 
of the Taquamenon, Manistique and Carp Rivers. Those of the Taquame- 
non and Manistique valleys practically merge, so slight, for some miles, 
is the water shed separating the valleys. The depth of the swamp soils 
range from a few inches to many feet. They are underlaid in some cases 
by sands, and in some cases by clays or loams. 


CROP ADAPTABILITY. 


Clays—The clay soils are especially suited to the growing of grasses 
and clovers, especially alsike clover. Indeed, so natural is alsike clover 
to these soils that thousands of acres have become self-seeded to it. The 
original seed undoubtedly came from hay hauled to logging camps. As 
a rule, hay, grain and pasture crops are the principal ones grown on 
these lands. Of the grains, wheat, oats, barley and rye produce good 
yields. Peas do especially well, and excellent yields of clover seed are 
obtained. The Superior clay is not suited to commercial growing of 
potatoes. Turnips and beets are usually grown for livestock and pro- 
duce good yields. Small fruits, especially the bush fruits, and the early 
varieties of apples are successfully grown. 


Loams—The loams are especially suited to the grasses, clovers 
(usually June or Mammoth), grains, potatoes and roots. Sugar beets 
have been grown successfully in many places. It is upon these soils that 
the Upper Peninsula is acquiring its reputation for yields and quality 
of potatoes. It should be borne in mind, however, that soils closely 
underlaid by limestone and formed in part from them, such as the soils 
of the Upper Peninsula Experiment Station, are generally abundantly 
affected by potato scab disease. With such a condition, in seasons favor- 
able to the development of scab, the marketability of the crop may be 
greatly reduced. 

Small fruits, cherries, plums and the early varieties of apples do well. 

*Muck—The muck soils of the Upper Peninsula will vary slightly, if 

*In the tillage of muck soils, probably the most difficult, and at the same time the 
most important thing to accomplish, is the proper compacting of the upper twelve to eight- 
een inches of soil. (The purpose is to establish proper capillary moisture relations in the 
surface soil. [For this purpose, a very heavy roller is required, one that, with a 80 inch 
diameter weighs somewhere from 850 pounds to 800 pounds to the linear foot. <A roller 
commonly recommended is one made by centering a shaft within 3 feet or 4 feet lengths 
of 30 inch culvert tubing and ‘then filling with concrete. 'When these lengths are properly 
set in a roller frame, the weight will amount to about 750 pounds per linear foot. ‘The 


advice of expects is to roll grain at least at time of planting, and to roll hay meadows in 
spring, and after cutting, and to roll pasture meadows “frequently.” 
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at all, from those of Southern Michigan in cropping values. When prop- 
erly managed it is safe to assume, they will excel in the production of 
timothy, blue grass, and alsike clover, and will produce good yields of 
the crops known to be suited to muck soils. They will give fair to ex- 
cellent yields of rye, oats, barley, sunflowers, etc. The limiting factor 
at this time, in the case of grains, is the possibility of late and early 
frosts. 


MANAGEMENT. 


Clays—The clays are heavy to work when first brought under culti- 
vation, but greatly improve when care is exercised in the use of tillage 
tools, proper crop rotation, and the incorporating of organic matter in 
them. These soils will prove to possess great durability and productive- 
ness. 


Fig. 8. Clover field of O. F. Branns, Merriman, Dickinson County. This shows one 
reason why Michigan’s Upper Peninsula is called ‘‘Cloverland.’ 


Loams—The loams possess a wide range of crop adaptation and be- 
cause of this fact, are frequently abused by heavy cropping and poor 
management. A careful plan of crop rotation should be practiced. 

Sandy Loams—The sandy loams must be handled intelligently if their 
productiveness is to be maintained. Short rotations should be practiced 
and goodly amounts of organic matter must be returned to the soil. 

Muck Soils—Experience so far indicates that these soils will require 
management identical with that of muck soils elsewhere. Drainage must 
be provided; but extreme care must be exercised, particularly where 
the muck is underlaid by sand, not to over-drain. Corrective treatments 
of potash are apparently sure to be required. Barnyard manure will 
always prove helpful. Lime will be required in some instances. 
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CAUTION. 


It is unwise at any time for one to purchase land (especially new 
land) without careful, personal examination, or have it examined by 
some reliable party who is known to be competent to do so. The nature 
of the soil, its location, its topography and its proximity to markets, 
to good roads, to a good school and agreeable and compatible social con- 
ditions are all matters of prime importance. 


FirLtp Crops IN’ THE Upper PENINSULA.* 


There is a wide range of field crops which can be produced profitably 
in the Upper Peninsula. The great variation in length of growing sea- 
son makes it necessary, however, to select varieties especially adapted 
to the section, as each section is influenced by its elevation and proximity 
to the lakes. 

The forage and root crops are especially adapted, while many small 
grains and legumes can be produced profitably. Marketing facilities 
and generally favorable conditions make possible the development of this 
country as a great crop and livestock section. 


CLIMATE. 


The climate limits the adaptation of crops by the length of growing 
season, the amount and distribution of moisture, the amount and dis- 
tribution of sunlight and the general character of the days and nights 
during the growing season. It has been pointed out in the previous 


*The results herewith given are the conclusions derived from three years of experimental 
work with crops in accordance with plans projected in 1917 by the Farm Crops Division 
of the Michigan Agricultural College, developed and elaborated by G. W. Putnam, delegated 
to the Upper Peninsula as Crops Experimenter. 


Fig. 9. The first clearing and buildings of the new settler in the’ timber and cut-over 
lands. Root crops, potatoes. peas and clover are well adapted to the conditions of 
the new settler. 
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discussion on climate, that the Upper Peninsula is subject to a very 
great diversity of climate conditions, which tend to limit or extend crop 
production, depending on the location within the peninsula. In gen- 
eral, the climate of this area is favorable to such crops as require or can 
tolerate an abundance of rainfall, and rather long days with compara- 
tive cool nights, through a comparative short growing season. 


CROP ADAPTATION TO SOIL TYPES. 


The adaptibility of a given soil to produce crops is limited by its 
texture, whether it is a heavy clay, clay loam or sandy loam; its content 
of available plant food elements, such as potash, nitrogen, phosphorus, 
and the other elements necessary for plant growth; the lime content, 
whether a soil is acid or alkaline; its organic content, straw, manure 
and other vegetation incorporated in the soil; its water holding power; 
its drainage, natural or artificial. The combination of these factors in 
any given soil determines its type and fertility. 

The previous discussion on soils points out the wide variation in 
soil types to be found in this area. In order to determine the crops 
best suited to a particular section of the Upper Peninsula, it is necessary 
to consider the local climatic conditions together with the type of soil 
to be cropped. 

The clays and clay loams are primarily adapted to hay, forage crops 
and small grains. The loams and sandy loams are adapted to potatoes 
and root crops, aS well as the hay, forage and small grains produced 
on the heavier soils. 


CULTURAL METHODS. 


The practice of fall plowing is one in general use throughout the 
area, and is to be commended. There are several distinct advantages in 
fall plowing: 1st, the soil is in shape to absorb and hold more moisture 
for the following crop; 2nd, you can get on to the land early in the 
spring and prepare the seed bed well in advance of planting, thereby 
permitting the killing of several crops of weeds and keeping the soil in 
good condition; 3rd, it allows of the partial decomposition of the organic 
matter so that it becomes more readily available for plant food when 
the plants are ready for it later in the season; and, fourth, the effects 
of freezing and thawing work the soil particles and organic matter into 
a more uniform mixture. This prevents the formation of a strawy layer 
at the bottom of the furrow slice which is a distinct disadvantage in the 
production of a maximum crop. 


IMPORTANCE OF GOOD SEED OF HIGH GERMINATION. 


The importance of good seed cannot be over emphasized. Today, the 
best farmers throughout the Upper Peninsula are turning from scrub 
livestock of unknown production to improved herds. The same farmers 
are beginning to question the wisdom of sowing scrub seed of unknown 
production on good soil and are rapidly turning to some dependable 
variety of known production. It is not so much a question of what 
variety to grow as it is a question of whether or not it is a dependable 
one. Then to treat the seed in such a way as to insure a good stand that 
will be reasonably free from controllable diseases. Such treatment in- 
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cludes the use of the fanning mill to remove (1) light undeveloped 
kernels which if planted would result in weak plants, (2) to remove 
dirt and chaff that would influence the rate of seeding and _ possible 
clogging of the drill. 

The germination test will insure seed of high vitality. This is very 
important in some seasons when the weather has been such that grain 
may not have become properly fertilized or may have become damaged 
in the shock, stock or storage bin. Seed grain should be treated with 
formaldehyde to control smut. It is estimated that from 10 to 15 per 
cent of our cereal grain crops is lost each year on farms that do not 
treat grain for smut. In 1918, a demonstration on Budd Wilbur’s farm 
in Haight twp., Ontonagon county, gave the following results with 
oats: 


Treated area, yield per acre............ eeteicee = ce 50 bushels 
Unineated area, wield pers nerei ss és: Sepee ae <:=)- 37.5 bushels 
Increased yield on treated area ....... ete os 3 . 12.5 bushels 


In this case, the loss from untreated seed with 25 per cent. The 
cost for treatment is so slight (8 to 5c per bushel) that it is one of the 
cheapest insurance policies that can be carried on any farm. 


TIME TO SOW SPRING GRAINS. 


Early sowing is an essential practice to high production in the Upper 
Peninsula. It takes from 85 to 100 days from time of planting until 
harvest to produce a crop of oats, barley, or spring wheat in this sec- 
tion. The first 55 to 65 days is utilized in developing the plant up to 
the heading stage, the remaining 25 to 40 days is utilized in developing 
and ripening of the kernels. The exact number of days in the different 
stages will vary with the variety grown and the character of the sea- 
son. A glance at the weather report (table 7) from the various sections 


a = ak - Seaiaiiaeiamaeamanmenmmmaen 


| 


Fig. 10. Alfalfa is well adapted to many sections of this country. This picture was taken 
in September after a crop of barley had been removed in August. 
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of the Upper Peninsula shows that May and June are ideal growing 
months and from July 1 to August 15 is usually weather favorable to 
kernal development and ripening. This would indicate that about May 
1 is the time to sow spring grains in this area so as to make the best 
use of our weather conditions. The practice of our most successful 
farmers is to sow their spring grains as early in May as possible. 


RATE TO SOW PER ACRE. 


This is a cultural practice that will vary with the grain crop grown 
and the type of soil under cultivation. The usual rate for spring wheat 
is from 5 to 8 pecks per acre. When seeded early on a well-prepared 
seed bed with a soil suitable for wheat, 6 pecks is about right. Oats 
should be sown at the rate of 8 to 12 pecks per acre. Ten pecks is about 
right for the average soil, 8 pecks on the lighter soils and 12 pecks on 
the real heavy soils. Barley should be sown at about 8 pecks per acre 
on average soil, about 7 pecks on light soil, up to 9 or 10 on the heavier 
soils. 

Field peas* are so variable as to size that it is difficult to recommend 
a definite rate for sowing. The smaller sorts, such as the French June 
and Golden Vine at about 2 bushels per acre. The medium-sized, like 
English and Arthur, at from 214 to 3 bushels. The larger sorts, like 
the Marrowfat, from 3 to 31% bushels. 


TABLE 12—RATE OF SOWING SPRING GRAINS.} 
yAll tabulated data pertaining to crops in this publication is the result of experimental 


work done at the U. P. sub-station of the Michigan Agricultural College, at Chatham, Mich., 
unless otherwise noted. 


Chang Field Peas 


Wolverine Oats Wisconsin Pedigree Barley (Small to medium size) 
Rate sown Yield Rate sown Yield Rate sown Yield 
*(bu.) Pou) bu) "(bu) bu) bu) 
2 88 1} 33 2 57.5 
23 101 2 38 23 57.5 
3 100 23 41 3 54.5 
33 103 3 38.5 4 48 
4 83 33 BILGE Wie Ul ck, saat) a sreveyiettat craters aril |laratereie! Sheets tetenate eke ees 
43 CH opti: a9 SCR arose Se DO ODER EE ACC EERAP SRE! | Aint ic Sele Col nti Ray MARES SPAN Leah elem arbae 
5 Sera ial iste cia ssc eon crtera cterors |i yaitacarocancuayate eiciee eeherateny terete araseiac alle tast step dare coe ONG 


The preceding data confirm the rates recommended in the preceding 
paragraph. In some sections there is a tendency to sow heavier on the 
lighter soils than on the more fertile ones. This is contrary to our knowl- 
edge of light soils, as they tend to be more droughty and less fertile and 
a somewhat lighter seeding will utilize available moisture and plant 

*Wield peas, aS a grain feed crop, occupy a place in our system of cropping in the 


Upper Peninsula very similar to the small grains, so they are herein treated under the 
same cultural heading. 
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food to best advantage. The heavier seeding would tend to produce a 
greater number of plants, all of which would be of inferior quality. 


BROADCAST SOWING VS. DRILLING. 


Wherever possible grain should be seeded with a drill. When field 
conditions make this impracticable the seed may be broadcasted. Drill- 
ing permits of a uniform rate and depth of sowing and with much of 
our grain sowing, a grass seeding is made. 


HARVESTING THE GRAIN CROP: 


The humid climate of the Upper Peninsula is a handicap to the pro- 
duction of bright, clean grain. More of our. musty, off-colored grain 
comes from the way it is handled at harvest time, than from any other 
source. 

Spring Wheat—Wheat should be well ripened before cutting, but not 
over-ripened. The lower parts of the stem and roots die first and the 
proper time to cut is when only a slight tinge of green is left in the 
upper part of the stem. If allowed to become over-ripe, wheat tends to 
shatter and produce a higher percent of “yellow berry.” 

Oats—The time to cut oats is in the dough stage. Unlike wheat, oats 
are heavier if cut in the dough stage and will have a brighter color. 
The handling of the oats from time of cutting until threshed, will very 
largely determine the quality of the grain. 

Barley—The barley should be cut when ripe. If it is cut in the 
dough stage, shriveled kernels will result. Usually the hull on barley 
will start to wrinkle when ripe, the water starts drying out of the berry 
as soon as the process of storing starch in the berry is completed, which 
causes the wrinkling. That is the time to cut and let the water dry out 
in the shock. 

Field Peas—The usual method of harvesting peas where they are 
erown on a very large scale, is to use the harvesting attachment for 
mowing machines, with this attachment consisting of special guards, 
peas can be handled quite economically. The peas when harvested with 
machinery, should be ripe to the point that the vines are dry, as they 
handle much better in this way, and can be handled directly from the 
field. Peas should not be left in contact with damp ground for any 
length of time, as they bleach out and their market value is lessened. 


VARIETIES TO GROW.* 


There is a very great range in the merits of our various crop varie- 
ties. Improved, high-producing varieties are usually the result of ex- 
perimental work conducted by the various state experiment stations, 
and carried on by Crop Improvement Associations. 

The Michigan Crop Improvement Association is organized to carry 
on the work in ‘this State, and under the direction of this Association. 
large acreages of our various farm crops are grown each year for seed 
purposes, thus saving us from having to use seed which has become 
badly mixed and contaminated with scrub varieties. Through the 


*Pedigreed grain varieties mentioned in this bulletin may he secured from the Mich- 
igan Crop Improvement Association, Hast Lansing, Mich. 
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Michigan Crop Improvement Association it is possible to buy seed grain 
in any quantity and of known quality. 

One big problem in connection with selecting a variety for any 
particular section is that of standardization. This is particularly true 
with certain crops. Marquis spring wheat is practically the standard 
wheat variety of the Upper Peninsula. Oderbrucker and Wisconsin 
Pedigree are the standard barley varieties of this area. On the other 
hand, oat and field pea varieties are not so well standardized. An in- 
quiry in any particular farming community will usually disclose the 
fact that there are nearly as many varieties of oats and peas as there 
are growers. 


STANDARDIZE ON A FEW VARIETIES. 


The time will probably never come when only one variety of the 
various crops will be the standard of the State. Neither is it necessary, 
however desirable, to standardize on a comparatively few varieties of 
each crop in a section like the Upper Peninsula. In so far as possible, 
however, only one variety of each crop should be grown in one’ com- 
munity. 

The advantages of standardization are: 1, the danger of mixing 
varieties by use of the community threshing machine is lessened; 2, if 
a surplus is produced in the community, there is usually a better mar- 
ket for a standard product in quantity than for smaller lots of many 
varieties; 3, if a particular variety has special merit for a given com- 
munity, all the growers in that community will benefit by it; 4, it makes 
possible a community co-operative crop test to determine the best 
varieties. 


VARIETIES OF SMALL GRAINS RECOMMENDED FOR THE UPPER PENINSULA. 
SPRING WHRBAT. 


Experimental work at the Upper Peninsula Experiment Station 
and notes made by the various agricultural workers throughout the 
Upper Peninsula, indicate that spring wheat is subject to black stem 
rust. There is no known control for this disease nor are there any 
resistant spring wheat varieties of sufficient commercial value to war- 
rant their use under Upper Peninsula conditions. There are local areas 
especially in the Superior clay districts, where the epidemics of this 
disease are not as serious and spring wheat may be a profitable crop. 

Marquis is the best adapted spring wheat for the areas where it can 
' be grown. 


OATS. 


Wolverine—This is a pedigreed strain developed by Professor F. A. 
Spragg, of the Michigan Experiment Station, at East Lansing. Experi- 
mental work at Chatham and co-operative tests throughout the Upper 
Peninsula have demonstrated this variety to be a consistent high pro- 
ducer. It is an open panicle white oat. 

Worthy—This is another pedigreed strain developed by Professor F. 
A. Spragg. It is also an open panicle white oat, especially well adapted 
to heavy soils because of its stiff straw which lessens its likelihood of 
lodging. 
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Swedish Select—This is probably the most widely grown oat variety 
in the Upper Peninsula. It is a good dependable variety adapted to 
this section. There is one draw-back to using Swedish Select, it is 
usually difficult to obtain pure strains. There are a great many fields 
of oats grown under the name of Swedish Select that obviously are not 
true to name. When buying Swedish Select oat seed, one is very apt 
to get a mixture of many varieties or possibly some other variety en- 
tirely. The Upper Peninsula Experiment Station has made selections 
of true Swedish Select, but it will be some time before these selections 
will be ready for distribution. 


SS on re aS SS — oe = Sf mS, 


Fig. 11. The soil and climatic conditions of the Upper Peninsula are ideal for maximum 
yields of oats. The Wolverine is a dependable variety for this section. 


Iowa 103—This variety, or one of the other strains of Sixty-day or 
Kershon Oats, is needed to fill a special purpose. This type of oat is 
about two weeks earlier than the preceding three varieties. Under sea- 
sons of unfavorable growth, because of dry weather, such as the seasons 
of 1919 and 1921, this type of oat will out-yield the other varieties. In 
the areas where grasshoppers have been bad the past two years, it has 
been observed that these early oats usually come on and produce grain 
before serious injury occurs from the grasshoppers. They should be 
given a trial in those areas that may reasonably expect another out- 
break of these pests. They produce a much smaller oat kernel and 
shorter straw than the later varieties and usually test two or three 
pounds lighter per bushel; they make, however, a very good feed oat. 

The following data on the four oat varieties recommended for the 
Upper Peninsula, are given in order that their relative merits might be 
better understood. In 1919, no co-operative work was attempted, so only 
the Station data are available for that year. During the past three 
years, over twenty varieties have been tested each year at the Upper 
Peninsula Experiment Station. A wide range in yield has been found. 
appa varieties recommended have consistently stood at the top of 

e list. 
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TABLE 13—OAT YIELDS IN THE UPPER PENINSULA. 


Variety 


Name County Wolverine—bushels | Worthy—bushels Swedish Select 
bushels 


1919 | 1920 | 1921 | 1919 | 1920 | 1921 | 1919 | 1920 | 1921 
Upper Peninsula Exp. Station...} Alger ................ 75 |130 58 69.5 |128.1 | 39 68.9 124.9} 35 
Beeb ereManls fe cicisties sleisisrely (Delta demarncinie: os sjares'sl lsc as: CPA ST ral ls Sto exec leetereee tl eaten pal licens YC AOR [penal 
COR Millar cc icrcttalavctelorea'slacere © ISloJocsio) (ashi a Werte ac Pal ren mee BSR aeons cera CE al lgm eats tek ea Cpa lay heb) 
County Warm 254 onion cies stsleer Menominee: its. ete acs 68 Sth bad |e ce EYE ay | [Relea cl [oe eee 57.5 | 14.9 
IRI AETE StONSOMscfoeiscs ontcansa cies Barapa Seatac eae dk 60 DSesialiaaaner Shah | a en) ae aa 70 19.8 
IRGorBarme sc. satieiiecuiele eel aves Onfonsgon emesis ser [eared |i. carte AL Var [Rit thax. homens A Ge oekete| aacae 28.5 
(0).) Batson) Peete Drea Ok Bet Seed IEVonIHGOUE ee aoe sh araaeclie ocvceye [seecae BB Wal al leas teed lise See All Nereicad dy lence | oie preatae 26 
IAWOLHPORVOALH IM LESt cc onG cite |e maeacelis nec eee nse 75 | 88.3 | 32.8 | 69.5 | 84.2 | 41.9 | 68.9 | 81.8] 23.5 
OAVEAT AUCTAPE AIMCESUS HAS crepeeralelfeiere alte cfersisisiesa-cvete see's 65.4 65.2 58.1 
S-VEA Average NU «pee PX SbBae ole /einis mise espaisie'a wecieins os 81 78.8 76.3 


There is a question as to which of these three years approaches the 
normal season for oats in this territory. A careful study of the weather 
data for these three years and then a study of it over a period of years, 
tends to show that 1920 is more nearly a normal year than is either 
1919 or 1921. Such being the case, the Wolverine, Worthy or Swedish 
Select would be a better variety than would an early oat like Iowa 103. 


Fig. 12. Barley is well adapted to Upper Peninsula conditions. It is a very’ dependable 
crop for a concentrated livestock feed. The Wisconsin Pedigree is one of the best varieties. . 
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BARLEY. 


Wisconsin Pedigree—This is the common six-row white barley and is 
a very dependable sort. The Wisconsin Pedigree is a selection of Oder- 
brucker variety, made by the Wisconsin Experiment Station. 

Michigan Black Barbless—This is a six-row black barley with smooth 
awns (beards). This is one of Professor F. A. Spragg’s selections and 
has been giving very good results throughout the State when grown on 
a fairly fertile soil. It is a short-strawed type, and on lighter soils, 
quite frequently is so short as to be difficult to harvest. In the fields, 
this barley does not create a very favorable impression because the heads 
appear to be small. This is due to its short compact head, while the old 
type, like Wisconsin Pedigree is very loose and open, giving the appear- 
ance of a much larger head than it really is. 

Michigan Two-Row—This is a two-row white barley, has a tendency 
toward a weak straw, which under our humid conditions, causes lodging 
on our more fertile soils. 


TABLE 14—-BARLEY YIELDS IN THE UPPER PENINSULA. 


Variety 


Name County Michigan Black ; 
Wis. Ped. Barbless Michigan-2-Row 


1919 | 1920 | 1921 | 1919 | 1920 | 1921 | 1919 | 1920 | 1921 


U. P. Experiment Station....... Al POR: <Axinniaare setae 16.2 | 50 32.3 20 | 53.9 | 45.4 |] 17.1] 61.2] 40.3 
Mave Bergmanncse rece tac ects Deltaiase aac eeeeee sees ee by Mi oat dw Hb ee GAD ee soar tates Sp. Dol eeoeke 
Hirieksonibroaseseere ce ueecmcoe Marquette: cio coneelocs lence neal es eO ae eee leet A lle eye alletecers Boe leeieeite 
GwyAy Cassagrandas..- 2224. +0. i) SABE ottortas ose) eee BO! siipraceelktieeee Bop eee et Ate tstee CY fecuMl echoes Ac 
ROO ARIS seen ricci : Ontonagony seer err 's<'s. cael errors ts 165 No sre] sarees 160R sc aeons 25.3 
Wibitney: Rarmssy-n 20.) s/s tothe Menominee: sch atccce a|\co llores BUS agecral acre GO Sater crear 8.8 
TAH A Pawleghae cies cere einen! mcnoolerathess seeeep acs «| \vcjacnt etl daterners GED. ecaebnee leet 16 e See as 17.6 
Mom Wareyssoscecksies ose en LCKINSOME i seteete cists Gres si eillcte ore AGO hoc eel eas oie Die ete celieeeclary 19.8 
Avveragetallitests by years: << cc) cae as cie octesemeteten 15.2 | 38.9} 18.1 20 | 55 22.0) AVAL ol! 22 i4 
Three year average............]. Cae f clulslantioss cialatetmterevels 24.4 32.4 30.3 

Three year-av.iU be exp: obaos-n|cewesceoeeebecseeeeeer 32.8 39.8 39.5 


A careful study of these data shows that in all tests, whether taken 
individually or as an average, these three varieties have ranked as fol- 
lows: Michigan Black Barbless, first; Michigan Two-Row, second; and 
Wisconsin Pedigree, third ; except in two instances, when the Black Barb- 
less and Michigan Two-Row were reversed. It is not desirable at this 
time to recommend one of these varieties over the other, but every com- 
munity should have a carefully managed barley demonstration to de- 
termine which is best for their conditions and this should be supple- 
mented by data obtained from fields. Barley is becoming more and 
raat the important grain crop of the section, and we should grow the 

est. 
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FIELD PEAS. 


This crop as a feed for livestock is destined to be one of the most 
important in the section. There is no particular variety that has as 
yet shown marked superiority over all others, neither has there been 
any special effort placed on producing seed of high quality. During 
three years of testing at the Upper Peninsula Experiment Station, the 
colored sorts such as Chang, English and Belgian varieties have out- 
yielded the white sorts under the name of Canada Field. 


MISCELLANEOUS SPRING GRAIN CROPS. 


Buckwheat—This crop is not particularly adapted to the section 
though quite an acreage is grown each year. The climate is quite favor- 
able to the growing of this crop except that it is very susceptible to 
frosts and since light frosts sometimes occur during the growing season 
it puts this crop in the uncertain class. 

Speltz—This crop is quite frequently grown as a substitute for oats 
or barley. It is not to be recommended where oats and barley do well, 
but on ground too light to produce oats it has some value. 

Spring Rye—This crop is adapted to the section and can be grown 
quite successfully. The fall sown rye, however, is much higher in quality 
and production so that very little spring rye is sown in the area. 


FALL SOWN GRAINS. 


The culture of the fall-sown grains determines very largely whether 
or not the crop is successful. 


EARLY PLOWING ESSENTIAL FOR GOOD SEED BED. 


Karly plowing to enable the early preparation of a good seed bed is 
one of the important factors in fall grain production, but it is a very 
difficult thing to do under present cropping conditions in the Upper 
Peninsula as practically all of our crops are harvested too late to permit 
of a fall grain seed bed being prepared. 

Summer-fallowing is one of the best methods. In addition to giving 
an excellent seed bed, it permits a very effective method of controlling 
quack grass. Early fall plowing of hay meadow is also a very good 
method of obtaining a good seed bed. To be effective the hay must be 
cut as early as possible. The plowing of a grain stubble will permit of 
a fair seed bed preparation. It has the disadvantage of allowing a 
grain crop to follow grain which is a very poor farm practice. In either 
of the systems followed in preparing the fall seed bed the thorough use 
of the harrow, disk and roller can not be over emphasized. 


HARLY PLANTING IMPORTANT. 


It is very necessary to plant the fall grains at the proper time if 
good results are to be secured. August 20 to September 5 is the time 
recommended for this section of the State. Grain seeded at this date is 
less apt to winterkill and yields a better quality of grain, than does 
the late seeded grain. 
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TABLE 15—THE EFFECT OF DATE OF PLANTING ON THE YIELD OF WINTER WHEAT. 


Date of planting : Bushels Busbels Two year 
per per average 
acre acre 

AUB ISi 18-24 655 SF een eI ata ro beo 2 Bhd Mee hee, Meee 36.5 6.4 21.5 
August 25--september L525 9.9) Pa:5 hee tne scene ies tar eek eee hone omnes PAS 11 19.0 
September 2-BSri). Wa kastwule chs ce mene ste soee see ne oe ec: ee een ements 21 8.9 15.0 
Bentem ber Qs04ys 2 Naiiae ReeNB RNs Ena ee AA le ORE cir Le tk ea ae eee 16 3.6 9.8 
September 1osplun Ne ear an oy hee Beene eee eRe a PP ic, sata 10 2.2 6.1 
September: 2I-2BEeN, Actes warmers WAC ae eens ee ee ee ee Eee er 1295 1.4 7.0 
September 29—October 5: ccc -iecihe< chased Sey cd oe eee fo ee ee ree eee 10.5 PAS 6.3 
October (6218 325 bask cas aise woke ieee toa. ate Sele cicheddin Aorcioraclareie tae tue ete eee 16 2.2 9.1 
October alasa wy eos Syed. lek ae eth eve oe”) eee Oa SE OR Reo 12 2.2 fel 
OctoberiZ2-29 75 Flic eas neem Ses tee bie Sees eak wae Saas Seceioldseis se mareee 9.5 10.5 , 10.0 
October'S0—Novemberid/42 22/45 Fok vecnew reeaitires sete ca cee seem een aie meee: 5 8 6.5 


Fall wheat should not be grown unless it can be planted at the 
proper time on a fertile well-prepared seed bed. [all rye is a very suc- 
cessful crop and should be encouraged. 

The rate of sowing will vary with the time of planting and the 
fertility of the soil. In general the rate recommended in the Upper 
Peninsula for a winter wheat is five to seven pecks per acre, and for 
fall rye is four to six pecks per acre. 

The use of the fanning mill to insure clean seed, the use of seed 
treatment to control smut and the germination test is as important as in 
the treatment of spring sown grains. 


VARIETIES. 


Winter Wheat—There are two qualities which a fall wheat variety 
to be successful in the Upper Peninsula must have, they are (1) winter 
hardiness and (2) ability to withstand or evade rust epidemics. 

Considerable experimental work has been done with winter wheat 
but as yet no outstanding variety has been discovered. The results this 
past year save a favorable impression of Kanred, a Kansas variety of 
the Turkey Red type which is proving itself quite winter hardy and 
also resistant to rust but has a tendency to lodge under real favorable 
conditions. Red Rock, one of Professor F. A. Spragg’s introductions, 
has proven to be quite winter hardy but has not been able to withstand 
rust attacks. 

Winter Rye—Rosen rye developed by Professor F. A. Spragg at the 
Kast Lansing Station is the outstanding variety of the Upper Peninsula. 
All comparative tests over the peninsula and at Chatham sub-station 
have given Rosen a big lead over common varieties. Henry Berquist, 
Stephenson, in 1918 obtained 48 bushels per acre with Rosen. Henry 
Lukkarinen, Marquette county, in 1918 obtained 30 bushels per acre 
from Rosen and only 2214 from Common. 
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Fiz. 13. Red Rock, a hardy, winter wheat has done well on the superior clay soils of 
Chippewa County. 


TABLE 16—YIELDS OF ROSEN RYE DEMONSTRATIONS IN MENOMINEE COUNTY, 


nOLT. 
Amount harvested 
Increase of 
Demonstrator Amount Rosen over 
sown common 
Common Rosen Bu. 
Bu. Bu. 
Caer HOD eS Menai act lsest ra set ste Neha oes cA ere URL ee 1 bushel - 9 134 de 
GS Usea ne trkcepitbiacepeyrerc tie ee ease Neel e Mrel ae ek eae rele trea 1 bushel 12 16 4 
Oita; Siaaleson veces een sae anita iyeeniee acacia s see sts 1 bushel 1S ie 27 9 


These are not necessarily typical yields but go to show the compara- 
tive results when the two are grown in competition. 


FORAGE CROPS ADAPTED TO THE SECTION. 


The forage crops of the Upper Peninsula can be classified as pasture, 
hay, silage and root crops. 

The quanity, quality, and availability of the forage crops of a given 
section will usually determine its adaptation to live stock. It is possi- 
ble to ship in concentrates but it is very essential to have a local supply 
of forage feed -crops. 

PASTURE. 


Cut-Over—In its present stage of development there is an abundance 
of cut-over pasture land available in the Upper Peninsula. These cut- 
over lands have become seeded largely to clovers, timothy and June 
grass, thus making a very desirable pasture mixture. 

Permanent—Many farmers will acquire more stump land than they 
will clear up for several years. This stump land will afford excellent 
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Fig. 14. Rosen Rye has proven itself to be the best yielding rye for the Upper Peninsula. 


permanent pasture and the use of it for pasture will keep down second 
growth, permit the old stumps to rot and thus be a factor in clearing 
up the farm. 

Practically every farm will have a certain acreage that is unsuited 
for cultivation, and such fields can best be utilized as permanent pasture. 


TABLE 17—-SEEDING RECOMMENDATIONS FOR PERMANENT PASTURE. 


Upland: : Lowland: 
Reds@lover. 2) = sheen 2 Ibs. Alsike'©lovers. 22 .-ceee 2 Ibs. 
Alsike'@lovers 2 Gees -sce 1 |b. Winte Dutcher. sane labs 
White Dutchs,..5..2.-.4- 1 lb. Sweet Clover........... 1 Ib 
ENE eeieeney GercoG omaha ec 1 ty: Red Lopeeecs stearic 2 Ibs. 
TaMOGMY: he Verscy hasta tele 2 Ibs. Tamophyocsc es lorie teen 2 Ibs. 
June Grasse oo. sae aes 3 lbs. June Grass: srs ere 2" Ibs: 
Orchard Grass.......... 2 Ibs. Orchard Grass......... 2 Ibs. 
Total, per acre.....-.. 12 lbs. Total, per.acre. .-..... 12 lbs. 
EICAGY:, 


A wide range in choice of hay crops is made possible in the Upper 
Peninsula because of the adaptation of a large number of legumes and 
grasses suited for hay purposes. In selecting the hay crop to use, con- 
siderable attention should be given to selecting one that will give a 
maximum tonnage and yet be of good quality. The usual practice is 
not to use any one hay crop but a mixture of several. 

Red Clover—This is probably the most widely grown and important 
legume hay crop in the section. It is adapted to well-drained upland 
soils comparatively high in lime content. There are two commercial 
varieties, medium red and mammoth red. The medium red is usually a 
little finer stemmed, and blooms about two weeks earlier than the mam- 
moth. Occasionally a crop of hay is taken off and a crop of seed pro- 
duced with the medium red while the mammoth is too late for this prac- 


EXPERIMENT STATION BULLETINS. 517 


tice. For Upper Peninsula conditions there is not much difference which 
of these varieties-is used. It is claimed the mammoth has the advantage 
of being longer lived, in fields where the seeding is left over two years 
this might be an advantage. 

Alsike Clover—This clover is playing an important role as a hay crop 
in the Upper Peninsula. It will tolerate a soil lower in lime content 
than will the red clover, is also able to withstand more moist conditions, 
and this makes it desirable for low bottom land meadows. Alsike clover 
is, however, primarily adapted to a well-drained soil high in lime, under 
which conditions it will produce its best. 

In 1919 L. R. Walker, County Agent in Marquette county, carried 
on a demonstration at Republic on an upland sandy loam soil under fairly 
uniform conditions in which he obtained the following results with 
medium red and alsike clovers: 

Medium red, 5746 lbs. per acre. 

Alsike, 4600 Ibs. per acre. 

Difference in favor of red, 1146 lbs. per acre. 

Regarding the merits of these two clovers it is difficult to say which is 
better for a given section without local trials. 
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Fig. 15. Alsike and red clover on the test plot of County Agricultural Agent L. R. Walker 
in Marquette ‘County. 


A common practice and a very sound one is to seed a mixture of red 
and alsike together, then each will succeed best in its own environment. 
It is quite frequently the case that part of a meadow is best suited to red 
while the remainder will do best if seeded to alsike. The usual method of 
seeding is to use a mixture of two parts of red clover to one of alsike. 

Alfalfa—This is a hay crop whose adaptation to the Upper Peninsula 
has not as yet been fully established, though there are several well estab- 
lished fields throughout the area. 

Sufficient work has been done with alfalfa to prove that it can be 
grown if proper attention is given to its cultural requirements and the 
securing of northern grown hardy seed. 

Sweet Clover—is admirably suited to this section so far as growing 
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the crop is concerned but its usage has been for pasture and green manure 
rather than as a hay crop. 

Timothy—This is a non-legume hay and one has only to visit the 
great timothy hay region of Chippewa county to appreciate its place in 
Upper Peninsula Agriculture. 

At the time when timothy hay received a premium as a great horse 
feed its place was probably undisputed but horses are on the decline and 
dairy cattle are on the increase. It is almost an impossibility to buy 
on the hay market of the Upper Peninsula pure legume hay, yet that 
is what our feeding experts tell us is required for all classes of livestock 
other than horses. Why not adapt our farming to changed conditions, 
produce only enough timothy hay for a limited horse feed market and 
grow more clover or other legumes for our own livestock? 


TABLE 18S—COMPARATIVE FEEDING VALUE OF STANDARD HAY CROPS*. 


Digestible nutrients in 100 Ibs. 


Total dry §|———-— 
Crop matter 
100 lbs. Crude 
protein Carbo- Fat Total 
hydrates 
Red cloversercmictss seen ciclo tice Nee are cette ae 87.1 7.6 39.3 1.8 50.9 
Alike niattasy Neyer cnecc sepsis econ tole cleo Veer clciote i nla ca erale 87.7 7.9 36.9 ie 47.3 
Alfa aay patria trees natanecins ae erernk tl vac he ee , 91.4 10.6 39 0.9 51.6 
Sweeticlover wee ok hee sion ose nkeeiean aes 91.4 10.9 38.2 0.7 50.7 
Timothiyeeasssccs cron erate eee eae em sere 88.4 3.0 42.8 1.2 48.5 


*‘Weeds and Feeding” by Henry and Morrison. 


Bluejoint—This native grass of the sloughs and low grounds of the 
Upper Peninsula makes a good grass roughage. Its feeding value is 
nearly equal to that of timothy if it is harvested at the right stage. It 
should be cut just before bloom, for if allowed to get too ripe it loses in 
palatability. 


EMERGENCY HAY, 


Emergency hay crops serve a very useful purpose under many condi- 
tions. Quite frequently something happens to the regular seeding and 
the hay meadow is reduced for that year. Oftentimes the herd is in- 
creased without having had an opportunity to increase the meadow land. 
It is for such conditions as these that we recommend the use of emerg- 
ency hay crops. 

Peas and Oats—Use a 50-50 mixture by measure of the two seeded at 
the rate of two and one-half bushels per acre. This mixture is especially 
good for the heavier soils. Care should be exercised in choosing varie- 
ties that will mature at about the same time. Wolverine or Swedish 
oats with Chang field peas make a good combination. 

Vetch and Oats—Use one bushel of oats to twenty pounds of hairy 
vetch per acre. This mixture is better than peas and oats for lighter 
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soils and even on some of the heavier soils it is preferred because the 
vetch is naturally a drier plant and is not so difficult to cure for hay. 

Grains, Cut Green—Farmers sometimes cut oats or some other cereal 

grain for hay. This is not considered a good practice generally, for 
legumes added to the grain would increase the tonnage and quality over 
the grain alone. 
* Sudan Grass—The character of the season will have a great deal to 
do with the success of this crop. It is primarily adapted farther south, 
although in seasons such as 1921 it did exceptionally well because of 
the warmer weather. Twenty to thirty pounds per acre is the usual rate 
of seeding. 

Millet—The millets are a favorite quick-growing, short season hay 
crop adapted to practically all conditions in this section. They will not 
produce as heavily nor are they as desirable for feeding as some other 
of our annual hay crops. Common and Hungarian are two of the 
better varieties for Upper Peninsula conditions. 


TABLE 19—FEEDING VALUE OF ANNUAL HAY CROPS*, 


Digestible nutrients in 100 Ibs. 


Crop Tee 
Bates Terre | ouetas | stad |S aei 
Peas An COAts pentose soe ae eco assis iclsiee ret ise 83.4 8.3 37.1 1.5 48.8 
Oats and vetch.......... A aisteR Soe ser las e clemeyetbse etch 84.3 6.9 37 1.4 47.1 
Grainautigreanin mote eicies o een nai oneeaniones 88.0 4.5 38.1 ee 46.4 
Sudanlprassthayns tcc. pcp eta tok cus pace Oriel 90.0 DAF 45.4 0.7 49.7 
MING b tosis aetavalecctorass arene anion eee creel eicie ears 85.7 5.0 46.0 1.8 55.0 


*“Weeds and Feeding” by Henry and Morrison. 


SILAGE CROPS. 


The place of silage crops in the Upper Peninsla has been established 
beyond question for those farmers who are keeping dairy herds of any 
size. The small farmer just getting started with a few cows will prob- 
ably do better to obtain his winter succulence from root crops. 

Peas and oats have been the most reliable silage crop over the greater 
portion of this area. Corn has been successfully grown in several of the 
southern counties and in local sections that are protected from frosts. 
In the last three years a new crop, sunflowers, has come into prominence 
that bids well to replace both corn and the peas and oats, except where 
corn has been proven to be especially well adapted. 


SUNFLOWERS FOR SILAGE. 


This crop is grown in very much the same way that corn is produced 
for silage. 
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PLANTING. 


On those farms where corn planters are in use, special plates can 
be made to handle sunflower seed very satisfactorily. On many farms 
where corn has not been a regular crop and no planter is available the 
ordinary grain drill will give satisfactory results if part of the holes 
are plugged to obtain the proper spacing of rows. 

Experiments conducted at the Chatham Experiment Station on time 
of planting indicate that early plantings from May 15th to June Ist 
are better than later plantings. Six to 8 pounds of seed per acre in 


Fig. 16. Corn harvesting equipment is also very satisfactory in harvesting sunflowers. 


rows from 30 to 36 inches apart will give maximum yield and best 
quality of silage. 

If help is available and maximum tonnage is desired, a good plan 
is to seed 8 to 10 pounds per acre and then when the plants are 5 or 
6 inches high go through with a hoe and block out so as to have a 
plant standing every 6 to 8 inches in the row. 

The Mammoth Russian sunflower is the variety recommended by the 
Station at the present time. 


TIME TO CUT FOR SILAGE. 


Sunflowers should be cut for silage when the field is about 1-10 to 1-5 
in bloom. This crop comes into maturity too irregular to base the 
time of cutting on a condition such as milk stage or dough stage. The 
condition of the field as.a whole must determine the time to cut. 


HARVOSTING. 


Ordinary corn harvesting machinery is quite satisfactory for the 
harvesting of sunflowers. At the Chatham sub-station a two-row sled 
was devised on a 2 x 4 runners with the front end 24 inches wide and 
42 inches wide in the rear. Knives were made from an old crosscut 
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saw and attached to the edges. Two men stood on the sled and gathered 
the cut stalks in bundles. These were laid at the side of the row where 
they were collected by wagons and hauled to the cutter about one-half 
day after cutting. Where the acreage grown will not warrant the ex- 
pense of a corn harvester, this is an economical way of harvesting. 


Fig. 17. Sunflowers, when properly handled and harvested make good silage. They are 
especially well adapted to sections in which corn is not adapted. This picture 
shows the sunflower sled cutting sunflowers. 


CORN FOR SILAGE. 


Corn should be grown only in those sections to which it is adapted. 
Corn to be adapted must do more than merely germinate and grow, it 
must mature to a stage that will make good silage. 

Plant corn as early as possible and still evade spring frosts. This 
will vary with different locations but will be somewhere around June 1 
to June 10. Ghar ey, 

Corn for silage should be planted at the rate of 6 to 8 quarts per acre 
in rows 30 to 42 inches wide. Uge the heavier rate of planting on the 
more productive soils, decreasing the rate on the less fertile soils.” 
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VARIETY TO USE. 


In selecting a variety of corn, try to get one that will reach the - 


proper stage of development during the growing season of that section. 
Varieties that are most commonly grown in the Upper Peninsula are 
Wisconsin No. 8, Wisconsin No. 12, Wisconsin No. 25, Minnesota No. 
13, Northwestern Dent and the Flint varieties. 


HARVESTING. 


The method of harvesting corn for silage is well understood. But 
the stage of development at which to harvest requires some attention. 
Farmers’ bulletin No. 578, U. 8. D. A. gives the following comparative 
value of ear ys. stover corn: 


TABLE 20—YIELD OF DIGESTIBLE MATTER IN CORN. 


Yield per sere—pounds 


Constituent SSS ae 


A study of this table shows that the ear is the important factor in 
determining the feeding value of a crop of corn. These figures probably 
could not be duplicated in the Upper Peninsula, but the relative value 
between ear and stover will hold irrespective of total yield. 

The following table taken from the same bulletin gives the weight 
of protein, carbohydrate and fat produced by an acre of corn at two 
stages of growth, the milk and the glazed stage. 


TABLE 21—YIELD OF PROTEIN, CARBOHYDRATES AND FAT FROM AN ACRE OF 
CORN AT DIFFERENT STAGES OF MATURITY. 


7 Ali 
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This data has a very important bearing on corn production in the 
Upper Peninsula. At many county fairs samples of corn are exhibited 
from 14 to 16 feet high. Many of these samples will only have reached 
the silk stage while the best will not have passed the milk stage. Grow 
adapted varieties if you are in a corn section, otherwise grow sunflowers. 


PEAS AND OATS FOR SILAGE. 


The usual method of sowing peas and oats for silage is to use a 50-50 
mixture, that is, one bushel of peas to one of oats, then sow from two 
to three bushels per acre of this mixture, the amount depending on the 
fertility of the soil. At the Chatham sub-station two and one-half 
bushels were found to be the best rate. 


VARIETIES. 


Use adapted varieties of both peas and oats and choose varieties 
that will mature at about the same time. If an early oat is used with 
a late variety of peas the oats will be shattering before the peas are 
ready to cut. Medium early oats such as Swedish select or Wolverine 
with such varieties of peas as French, June, Chang, English grey or 
Belgian will give very good results. 


HARVESTING. 


This crop should be cut when the oats are in the dough stage if 
the proper varieties have been used, the peas should be well formed in 
the pods but not too mature. 

Peas and oats are a crop difficult to harvest. The cutting is done 
with a mowing machine. The crop is then usually bunched or wind- 
rowed by hand, if a horse-rake is used there is to much danger of pick- 
ing up stones that might cause serious damage to the ensilage cutter. 
After bunching it is hauled directly to the cutter and ensiled. 


CLOVER FOR SIDAGE. 


This crop is not usually used for silage though occasionally a crop 
becomes damaged by rain and is put in the silo. As a silage crop one 
could not afford to grow clover, but often a crop of clover can be saved 
in this way that would otherwise be spoiled. 
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GENERAL CONCLUSIONS ON SILAGE CROPS. 


TABLE 22.—THE FOLLOWING TABLE SHOWS THE ANALYSES OF THE FOUR CROPS 


USED FOR SILAGE IN THE UPPER PENINSULA. 
ar ne A EES eS EE A EAE 2 RS EET ee ee ee 


Composition of silage, per cent 


Kind of silage 
3 : Nitrogen 
Moisture Protein Fat Crude fiber free Ash 
extract 
SCornymormal-smacseeeenenicn sacle asia 72.35 2.52 0.82 6.20 16.93 1513 
{Cornjimmatureysss-teses see eee 79.00 1.90 0.60 5.80 11.30 1.40 
ADuNHOWers sn ora towieose hes cine neers 76.3 2.66 0.84 7.14 11.16 1.85 
HReasiandonts sscerje fae seeuisie nation 72.50 3.80 1.30 9.60 10.00 2.80 
tGlovePsccaad: ss <8 a3eh, Atos eken cas 72.20 3.70 1.1 9.00 11.50 2.50 


*A, J. Patten, Mich. Exp. |Station Quarterly, Vol. 3, No. 4. 

Feed and ‘Feeding, ‘Henry and Morrison, Table I Appendix. 

A study of the preceding table shows that normal corn silage and 
sunflower silage have very nearly the same chemical analysis and that 
sunflowers show a much better analysis than does immature corn. When 
we consider the fact that much of the corn going into the silos in the 
Upper Peninsula is immature, it can be readily seen that sunflowers have 
a place in our system of agriculture. A careful study of all the analyses 
will show that the peas and oats and also the clover silage, pound for 
pound, is higher in analysis than either corn or sunflowers but the 
fact that sunflowers will yield from three to four times as much silage 
to the acre as either of these crops gives it another big advantage. 


ROTATION AND FERTILIZATION OF FIELD CROPS IS ESSENTIAL TO 
PERMANENT AGRICULTURE. 


Proper rotation and fertilization have been recognized as consistent 
with good farming methods for a great many years. And yet it has 
been only in the past few years that farmers have realized the penalty for 
not following such a system. 

In the Upper Peninsula a few sections are beginning to show de- 
creased crop yields because the soil fertility is being robbed. In the 
great hay section of Chippewa county, where the practice for years has 
been to sow oats seeded with timothy hay and cut the hay for the next 
five to twenty years, then to plow it and again sow to oats seeded with 
timothy, to be cut as hay for another five to twenty years, the natural 
fertility of one of the richest soils in the state is being destroyed. In 
certain other sections the practice is to remove several small grain 
crops one after the other, thus removing the soil fertility by means of 
grain crops. On many of these farms the manure, where there is any, 
is placed on the field or fields nearest the barns with no EE to 
cover the entire farm. 

Such farming practices as these can continue for some time on soils 
naturally high in organic matter and rich in the elements of fertility, 
but when applied to” one of the less fertile types, the fertility is soon 
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destroyed. This is illustrated by the run-out condition of the soil of the 
Wetmore area in Alger county. 


THE PRINCIPLES OF A GOOD ROTATION, 


The various classes of farm crops, by virtue of their different types 
of root systems and their different composition, do not remove the same 
elements in like amounts or from the same level in the soil, therefore, 
by changing from field to field with different classes of crops, a bene- 
ficial effect is apparent as compared to the one crop system. The hay 
crops because of their elaborate root system and sod formation aid in 
the upkeep of the organic matter of the soil. The legumes because of 
their ability to store nitrogen in the soil should be included in the rota- 
tion. A cultivated crop should be included to aid in weed control and 
to aerate the soil properly. 

A rotation to meet these requirements would include the following: 


First: A legume hay crop (clover, alfalfa, sweet clover) 

Second: A cultivated crop (potatoes, sunflowers, root crop, corn, 
sugar beets) 

Third: A small grain crop (oats, barley, wheat, rye). 


Fig. 18. Summer fallowing is advised where trouble is experienced with quack-grass. This 
also prepares excellent seed bed for fall grains. 


WHEN TO APPLY LIME, MANURE AND FERTILIZERS IN THE ROTATION. 


Lime where needed should be applied in fitting the seed bed the 
season preceding the hay crop. Manure should be applied as a_ top 
dressing on the meadow or applied to the sod the season preceding the 
cultivated crop. 
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FERTILIZERS. 


Complete fertilizers if used should be applied to the sugar beet or 
potato crop. Acid phosphate usually gives good results and should be 
applied once every three or four years. This can best be done on the 
small grain or hay crop at the rate of 200 to 400 pounds per acre. 


POTATO CULTURE. 


The potato is the most important and valuable cash crop for the 
average farmer in the Upper Peninsula. Climatic and soil conditions 
of this section insure not only a good yield of this crop but also a potato 
of superior quality. Growers are being urged to make an effort to help 
standardize varieties and improve the “Cloverland” potato. 


PREPARATION OF THE SEED BED. 


Potatoes should be planted on sod land, as a general method. They 
constitute about 70 per cent of the total acreage of crops grown on 
newly cleared land, which is well suited to the production of this crop. 

When a three or four year rotation is practiced, the potato crop is 
usually followed by oats, barley, or spring wheat and seeded down to 
clover and timothy. After the hay is removed a coat of manure should 
be applied and the second growth of grass plowed under in the fall. 


Fig. 19. A portion of a Seven acre field of potatoes on the farm of Chas. Salewsky, Menominee. 


Spring plowing is practiced on some of the lighter soils, but on most 
soils fall plowing generally gives the best results. In the spring the 
ground should be disced and harrowed until a good seed-bed is secured. 
If the sod is spring plowed, it is well to dise it before plowing as this 
breaks up the sod into small pieces that will mix through the furrow 
slice and favor the supply of capillary water coming up to the surface. 
If clover sod is not available, then top-dress with well rotted manure 
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and disc thoroughly before the manure has time to dry out. Well rotted 
manure is not as apt to cause potato scab as is fresh manure. 


TIME OF PLANTING. 

The time of planting has a distinct influence on the crop to be pro- 

duced in thig section, where it is necessary to have the entire growing 
season properly to develop and mature the crop. 


TABLE 23—DATA SHOWING THE EFFECT OF DATE OF PLANTING ON THE YIELDS 
OF THE LATE VARIETIES, GREEN MOUNTAINS AND RURALS. 


1920 1921 
Date of planting 
Green Mt., Rurals, Green Mt., Rurals, 
bu. bu. bu. bu. 

AVEO eee Roc yah as cima canter tac, cittis aSataial odie aibiereeie sate sie sbe 363 384 374 279 
1 CG TAT LS oo ach eg AAR Cbae OR ON res SARE RoR Se Tare ee At 393 409 | 3 days rain 

ARTIS 240 oo Shoe a RIC Oe eC SOON Te Ce inte easier tees a See ea 350 313 272 238 
UTE ene a te rte eather: PN ieee nih Aine cioh Ciara eat 326 326 237 208 
JUTE MOP eRe ea ee alae cae apd 2 bre Soid cin eisioneiete wisbuie sastea 319 241 257 277 
VUNG are Rea isicse eck oro cuicie eae d RGR Cn ATONE Ne ae 226 257 221 215 
Bie cl) i Re Rn eee (5 RAGES SORE DUOC ROO SARE Eee prc es 156 142 152 170 


The percentage of No. 2 potatoes increased very much after June 16th 
planting so that June 30th gave only about 50 per cent No. 1’s. 

On account of the fact that the late spring frosts and early fall 
frosts are only 85 to 100 days apart, it is essential to plan the planting 
so as to have the potatoes coming up a few days after the danger of the 
last killing frost in the spring, if we are to get maximum yields of ma- 
tured potatoes. 


RATE OF PLANTING. 


TABLE 24—THE AMOUNT OF SEED NECESSARY TO PLANT AN ACRE OF POTATOES 
WITH VARIOUS SIZES OF SEED PIECES SPACED AT VARYING DISTANCES. 


Bushels per | Bushels per 


Rows Hills eure me 
LEC LEXA IER LARS OPIN TA tn IC a ose eevee cat etetonl eat atta LES s eaptie taton 4,840 5 bu. 73 bu. 
S30 pe EG Thao ona eiko DAA GER REI erm ar neers halebeesamee so fy ie elie 1a 9,680 10 bu. 15 bu. 
BAT EO TKO MOAT G NER EMER aye nore cers sieis Gore, ele. are aiasei one ohne DIE ore atene earl 14,520 1) Sibu: 224 bu. 

BUNTCHES XT UNC HES ta INE ero pie peices ceieyinisls dl americas ce ae eee een ca 8,969 9 bu. 13} bu. 
SOpinehes xal Gin CHES: pees cas ae Seiko cee Tee oe «OR ee gies Oe cetaalts SASS 13,068 133 bu 20 bu 
30taches x1 4anchess fey tactloasece -bccd faidencse saccades eeuberodse deeb 14,934 15; bu 23 bu 


a rr ee 
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DEPTH OF PLANTING. 


The depth of planting the seed potato depends on the character of 
soil and height of water table. On a light soil where level cultivation 
is practiced the potatoes can be planted 4 to 6 inches deep. On a heavier 
soil where the water table is near the surface and hilling is necessary 
for drainage in order to keep the tubers out of the water at digging time, 
the seed piece can be planted 2 to 3 inches deep and the plants gradually 
ridged up, the greatest ridging coming at the first cultivations. 


METHOD OF PLANTING. 


Two methods of planting potatoes are practiced, the hand method and 
the machine method. The hand method may be accomplished by mark- 
ing out the field, then making the holes with a hoe and dropping the 


- ae - Aa aS ~ a 


Fig. 20. A twenty acre field of potatoes on the Clearman Farms, Cornell, Delta County, 
July 29. 1919. ; 


potatoes and covering ag you go, or by a hand planter. Another method 
is by use of a shovel plow opening up a furrow, dropping the potatoes 
and then covering them up by hand. The machine methods are accom- 
plished by the use of mechanical planters, the picker type or one-man 
planters, and the two-man planter. On purely commercial production 
for table stock, the picker type planter may have the advantage, while 
for the grower of fancy or seed potatoes that wants 100 per cent stand 


so as to have uniformity in tubers produced, the two-man type may be 
the best. 


CULTIVATION. 


Whether potatoes are cultivated before plants are up or after plants 
are up, does not make an appreciable difference in yield. It does, how- 
ever,-make-a-big- difference-in--the-labor--cost—of controlling the weeds. 
The method used is occasionally to run a spring-toothed harrow lightly 
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over the potatoes from the time they are planted until they are well 
through the ground. Only a few plants are killed and at present it is 
the most satisfactory practice of early cultivation, although some loss 
of plants is experienced. 


TABLE 25—DATA FROM A THREE-YEAR PERIOD SHOWING THE VALUE OF THE 
DIFFERENT METHODS OF CULTIVATING POTATOES. 


1919 1920 1921 3 year 

Methods of cultivation bu. yield bu. yield bu. yield av. yield 

per acre per acre per acre per acre 
Dypenstotshea lla atenticcctsten s arecvetetelcrahs tele nvers wis cin Gene Goals aretateh etal ees 143 393 287 274 
hallo te dean scree ta cnet astrele. cn.cishecs o1c:c 8 oie te osinmeie seer 119 371 237 242 
Cultivatedsbefore plants are upis,.. «ceria 5 ae ts a%o « syo-eclelelee eas nel 122 403 331 285 
Cultivated titer plantaiare Uy. e2 os i) fadclesiels sjoic ate'clele asd tees aiere chats 143 421 320 295 
grit ye Fat) Oe A ae eee a a 121 364 291 258 
NUER CC TMUIE eee rte are cieyete sis a/are ie aw sisi eIsIs shee, se 6, 8\4jeloe on aieie wie siehets 147 394 315 285 


The methods followed were such as would show the advantage or 
disadvantage of the different methods of cultivation used in the Upper 
Peninsula. The deep to shallow method was to start the early culti- 
vation deep and close to the plants when they are small, and work to 
a very shallow or mulch cultivation as the plants developed to full 
size. 

In the shallow to deep method of cultivation a shovel plow is used 
at the last cultivation, usually when plants are in blossom. At this time 
the earth is winged up around the plants in ridges, supposedly to keep 
the potatoes from sunburning. Where there is soil deep enough to place 
the seed piece three or four inches below.the surface of the ground, 
there is no need to hill unless the soil is heavy and drainage is desired 
in order to keep tubers from rotting. Potatoes sunburn usually be- 
cause of diseased condition that prevent the tubers from developing 
normally. 

The hilling and flat culture methods are used in different sections. 
One objection to the hilling method is that in dry years the ridge has 
a tendency to dry out much more quickly and produce a smaller crop, 
where the potatoes are extremely ridged from early in the season. 


SEED TREATMENT. 


The seed treatment experiments would indicate that the corrosive 
sublimate treatment gives the most satisfactory results of all treatment 
so far used. The comparisions have been made for three years with 
corrosive sublimate, formaldehyde and no treatment, 
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TABLE 26—A REPORT GIVING THE RESULT OF VARIOUS POTATO SEED TREAT- 
MENT METHODS OVER A THREE YDHAR PERIOD. 


1919 1920 1921 Average 
Bushels Bushels Bushels Yield 
per acre per acre per acre per acre 
Corrosive stiblimiata ws see ate ols meie eerie oreioieiare a ec eee es eratate aerators 162 394 336 297 - 
Mormaldehy deltas ck lvtes... aye. aectue vow ahiie sotehd re yas alae estes 135 324 293 251 
Wutrested sc eee ee ee Pn bee tea a Bern 130 207 294 210 


It might be said that by the use of corrosive sublimate the presence 
of the black scurf on the potatoes when dug was materially lessened 
and the infection of scab was reduced fully as much as with the for- 
maldehyde treatment. From the results obtained we can _ therefore 
recommend the corrosive sublimate treatment, although it is much more 
dangerous to use for it is a deadly poison so that extraordinary pre- 
cautions should be taken to keep it away from livestock and children. 
In brief, this treatment consists of dissolving 4 ounces of corrosive 
sublimate in 30 gallons of water and soaking the potatoes in this 
solution for 30 minutes. Detailed methods of treating seed potatoes 
ean be secured in Special Bulletin No. 110, Michigan Agricultural Col- 
lege, East Lansing, Michigan. 


CUTTING SEED. 


The potato is not a true seed and can be compared to a green cut- 
ting or a section of the vine producing it. The best eyes on the potato 
are on the seed end and in most instances these eyes sprout first and 
give the strongest growth when the whole potato is planted. The other 
eyes often dry up and do not sprout at all. Small seed of sufficient 
size to be cut, should be spt from seed end to stem end splitting the 
bud eye cluster. Larger potatoes should be cut in the same manner 
only cutting the half section into two or three pieces depending upon 
size. Seed pieces should be about the size of a hen’s egg and have two 
eyes. Cut above the eye and diagonally to the center. Seed should 
be treated before cutting. It is well to cut seed ahead sufficiently long 
to allow healing over of wound before planting; this prevents loss of 
moisture in a dry, hot soil or quick rotting in a wet soil. It approaches 
the advantages obtained by using whole seed. 

Size of seed piece is influential in giving the young plant a start 
much the same as the first milk of the cow gives a good start to the 
calf, so do not be too economical on use of seéd. If soil conditions are 
just right, potato peelings will grow but those conditions prevail in only 
one out of a thousand cases. Seed pieces the size of a hen’s egg or 
larger make for strong vigorous plants. 

Our experiments with green sprouting show that it eliminates the 
potatoes that will not sprout and also gives a week to ten days ad- 
vantage in its development, and that under ordinary conditions it holds 
this advantage throughout the growing season. It also insures a stand 
if the conditions are excessively wet or extremely dry. 
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SPRAYING. 


The value of bordeaux mixture as a repellant for leaf hoppers and 
other insects, has been demonstrated during this past season, 1921. It 
requires, however, that the spray be applied with a high pressure outfit 
and with sufficient nozzles to completely cover the tops and bottoms of 
leaves and the whole plant. This spraying must be started when the 
potato stalks are from three to six inches high, and continued until the 
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Vig. 21. An effective spray outfit for disease and insect control. Proper spraying in- 
creases the yield per acre of potatoes. 


potatoes have reached maturity. Late fall spraying this year con- 
trolled early blight which in many instances, especially with the rurals, 
came and finished up the work of the leaf hoppers. Slight injury is 
done to the plants by these late sprayings, even though the wheels of 
the sprayer do run over many of the tops. The loss is not comparable 
to the loss that would occur if the spraying was not done. By adding 
arsenicals in the early sprays, the potato bugs, ete., can be kept down. 
High pressure sprays are however, very essential to complete control, 
sprayers capable of maintaining 150 to 200 lbs. pressure are none too 
good especially for the careful grower of certified seed potatoes. For 
detailed information relative to spraying potatoes, write to the Director, 
Michigan Agricultural Experiment Station, East Lansing, Michigan. 
Hand sprayers or knapsack sprayers do very well for controlling 
potato bugs and such other insects ag affect the potatoes by eating the 
foliage. When bordeaux is applied with these small sprayers it pro- 
tects the plants to some degree, and makes for a stronger, healthier 
plant, and is considerably better than no spray at all but is of little 
value against the leaf hopper or blight disease when they occur in a 


serious manner. This type of sprayer is adapted to the small farm or 
garden spot. 


532 STATE BOARD OF AGRICULTURE. 


HARVESTING. 


The time of harvesting is influenced by the weather. The date of 
the first killing frost in fall is usually the time to commence digging 
operations. As long as the tops are green starch is being formed and 
the quantity of potatoes increased. Late potatoes may be benefited if 
left to lay for a week after early frost in order to harden up. Late 
potatoes for table use should be matured and in good condition when 
harvested. Immature potatoes are considered good seed stock but 
usually are difficult to separate from the vines and also have poorer cook- 
ing and keeping qualities than the mature kinds. Potatoes should be 
left to dry sufficiently long after digging so that dirt will clean off 
readily. This allows skin to toughen up and prevents the checking, 
cracking or bruising of tubers caused from handling when they are 
first dug. 


Fig. 22. Warvesting Rural Potatoes, farm of C. A. Miller, Schoolcraft County. A high 
yield of good quality potatoes may be grown in the Upper Peninsula. 


The method of digging potatoes depends on size of field and develop- 
ment of the farm. Forks or hoes are the the common tool for potato 
digging on the majority of farms. Where several acres are planted the 
potato digger is being adopted. The elevator type machine where a 
steel nose runs under the row of potatoes and sifts the dirt through an 
elevator of parallel iron rods, dropping the potatoes behind is the type 
of digger most used. Plowing out the crop is generally considered ex- 
travagant and wasteful. 


STORAGE. 


Home storage forms about two-thirds of the storage space for 
potatoes produced in this section, (1) because of the short digging time 
in the fall between the time of first fall frosts and before dangerous 
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freezing of potatoes in the field, (2) distance from market, the labor 
cost necessary to dig and haul to market at the same time is too great. 
The maximum economy is secured by marketing the crop more gradually, 
resulting in both fall and spring shipment. This condition necessitates 
winter storage and this is usually provided by a basement under the 
house, separate root-house built into side hill, or pit storage. Pit 
storage is usually only temporary for fall use in order to gave handling 
when the potatoes are to be sold before severe winter weather sets in. 


VARIBTINS. 


The principal varieties of potatoes grown are divided into two 
classes, early and late varieties. 

The early varieties are the Irish Cobbler, Early Ohio and Bliss 
Triumph. The late varieties are the Rural, Green Mountain and Russet 
Burbank. In general it can be said that the green stem potatoes are 
more subject to disease and insect injury than the blue and brown stem. 

The green stem varieties are the Green Mountain,, Burbank, Early 
Ohio and Bliss Triumph; the blue or brown stem varieties are the 
Rurals and the Irish Cobbler. Under similar conditions the Rural and 
Irish Cobbler hills need to be planted 12 inches apart in rows when the 
Green Mountain and Burbank need to be planted 15 inches to 18 inches 
apart. 

The production of potatoes for use as table stock involves the pro- 
duction of a quality potato product that meets the demand of the com- 
mercial trade which wants a smooth shallow-eyed potato that is a good 
shipper, a good keeper and at the same time is a good eating potato. 
This combination is found in the Green Mountains and to a large degree 
in the Rural type especially the Russet Rural. Both these potatoes 
are adapted to the general market but when it comes to seed potato 
production we find that the Green Mountain has not the resistance to 
heat and drouth that the Rural has and so can not be raised for the 
outside seed trade, except for certain areas that has similar climatic 
condition to those found in the Upper Peninsula. The Rural type potato 
is successfully grown under a wide variation of climatic conditions. It 
stands the heat and drouth of the Corn Belt states better probably than 
any other variety. Thus for a seed potato proposition the White Rural 
or Russet Rural lends itself to the development of a large seed market. 

The early varieties mentioned are used principally at present for the 
early home use before the late or main crop is developed. 

The commercial value of these varieties depends upon the production 
of sufficient quantities so that carload lots can be shipped to the south 
for seed purposes to those sections that furnish our spring and early 
summer crops of early market potatoes. At present this market in the 
central west is being supplied by growers located principally in Wiscon- 
sin and Minnesota. 


SEED IMPROVEMENT. 


In order to promote the growing of better seed potatoes, work at 
the Experiment Station has been undertaken, (1), to eliminate plant 
disease, (2), to secure high yielding strains, (3), to maintain desirable 
types, and (4), to select those strains that will improve the general 
yield of potatoes. 
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Seed potatoes should be selected from healthy productive typical 
hills. The causes for decreased yields are due probably to the presence 
of Mosaic, Leaf Roll, or Curly Dwarf which should be removed from 
the seed plot. These troubles are undoubtedly transferred from dis- 
eased plants to healthy plants by insects such ag leaf hopper, potato 
beetles, and other insects. The use of bordeaux mixtures and arsenicals 
can be used to repell and destroy such insects. Black Leg and Fusarium 
Wilt can be eliminated by rogueing, while Rhizoctonia (Black Scurf) 
and Scab can be controlled by treating the seed with corrosive sublimate. 
If these operations are followed carefully it will be possible to secure 
a much higher yield of potatoes. 


Fig. 28. Tuber unit work with potatoes at Republic. Each pile of potatoes is the re- 
sulting yield of a different potato, each of which when planted in the spring weighed 
eight ounces, and which was cut in four pieces and planted the same distamce apart. 


By selecting enough of those healthy hills showing a normal growth, 
having desirable type and producing good yields, and then planting 
them in a seed plot in a section of the general field, a sufficient supply 
of good seed can be secured for your general planting every year. 


SUGAR BEETS”. 


In certain sections of the Upper Peninsula, notably the southern 
portion, the sugar beet has long been considered one of the good cash 
crops for the farmer to grow. At Menominee is located one of the 
largest sugar factories in the State. This insures a ready and close 
market for all beets grown in the adjoining counties. 

Any fertile, well-drained soil that will produce a good grain, corn, 
potato or clover crop, will, when properly handled, produce a good 
sugar beet crop. Clay loams, loams and fertile sandy loams are the 
soils best suited to the production of beets. Light sandy and marshy 
soils should not be selected. 


*Contributed by E. B. Hill, Assistant to the Mirector. Formerly County Agricultural 
Agent, Menominee Couny. 
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Fig. 24. A field of beets in Menominee County on the farm of Arthur DeCamp, Daggett. 
The soil and climatic conditions, combined with good transportation and markets of 
the southern portion of the Upper Peninsula, offer excellent opportunities for an in- 
creased acreage of the sugar beet crop. 


The following crop rotation for beets gives the best results for this 
section: Clover sod or pasture followed by corn, potatoes or peas, to 
be followed by beets. After the beets a grain crop should be grown, 
which is usually seeded down with clover or alfalfa. 

Fall plowing to good depth usually gives the best results in start- 
ing the soil preparation for this crop. This is followed by good surface 
preparation the next spring with the drag, disc and roller or culti- 
packer. Spring plowing should be done as early as the land is in condi- 
tion to work well. Beets require a firm, well-worked seed-bed. Barn- 
yard manure and commercial fertilizers are an aid in producing a 
larger yield per acre. Seeding at the rate of 12 to 20 pounds per acre 
is made during the month of May and fore part of June, depending on 
the season. The bulk of the beet crop is harvested during the month 
of October. The beet tops and leaves furnish excellent feed for live- 
stock. The soil and climatic conditions of the southern and central 
portions of the Upper Peninsula offer excellent opportunities for safe 
expansion of the sugar beet crop. 


OTHER ROOT CROPS. 


The climate and soil conditions of the Upper Peninsula are very 
favorable for the production of root crops. They can be depended upon 
to produce a good supply of winter succulence. Equipment and storage 
conditions are available even on the new farm just being settled. 

Root crops are adapted to quite a wide range of soil types; but the 
heavier yields and better quality of roots are generally produced on 
the sandy loams, loams, and clay loams. Yields of twenty tons per acre 
are not uncommon. In 1919 a period of high-priced labor, root crops 
were produced at the Chatham Sub-station at a cost of $3.68 per ton. 
The American purple top rutabaga is the most common variety grown. 
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Fig. 25. The root crop is the best crop for the new settler to grow for a succulent winter 
feed. This field of purple-top rutabagas yielded 20 tons per acre in 1919. 


The seed is small and requires a clean well-firmed seed-bed. One pound 
of seed per acre is sufficient if it can be uniformly sown. The usual 
practice, however, is to seed somewhat heavier and then block and thin 
to a plant every 4 to 6 inches, when the plants are up. 

Root crops may be harvested by pulling and topping or by topping 
with a sharp hoe and then plowing out the roots. 

Storage of roots can best be effected by utilizing a portion of the 
regular root house, potato cellar or by putting them in a pit. If they 
are to be fed as a part of the daily ration to livestock it is better to have 
them in a root cellar adjacent to the barn. 


. 


OPPORTUNITIES FoR LivesTtocK PRODUCTION. 


The Upper Peninsula is especially well adapted to the development of 
livestock. It has climatic conditions which favor long grazing seasons, 
soils capable of producing feed for winter use, large areas of compara- 
tively cheap land for pasture purposes and an accessability to markets 
comparable with any section of the middle west. 

Only about seven per cent of the arable land of the Upper Peninsula 
is under cultivation. A large percentage of the cut-over land has grown 
up to grass and undergrowth. The natural pasture is composed largely 
of blue grass, the clovers and timothy. On all of -the limestone areas, 
the clovers grow in abundance shortly after the timber is removed, 
usually starting from the logging roads and spreading over the entire 
area. These facts indicate the possibilities of extensive livestock de- 
velopment in this large area of productive land. 

_ The grazing season has a range of from five to seven months, de- 
pending upon location, class of stock, and the shortness to which the 
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Fig. 26. Many fine herds of dairy cattle are to be found in the Upper Peninsula. Dairying 
is now, and will continue to be, the leading livestock industry of this section. 


grass was cropped the previous season. Two-thirds of the yearly rain- 
fall comes during the pasture season and this abundance of rainfall, to- 
gether with the long days of summer, favors a luxuriant growth of 
nutritious vegetation through the spring, summer and fall. There are, 
in addition, cool nights and plenty of fresh cold water. These create a 
condition approaching the ideal for livestock development during the 
grazing season. The winters are usually cold with plenty of snow. A 
comparatively dry atmosphere maintains good health and appetites, 
where the housing conditions are right. 

The three factors that influence the adaptability of different parts 
of the Upper Peninsula to livestock are, (1) soil types, (2) distance from 
shipping point, (8) size of farm. 

The muck lands, swamp lands and all low, wet, swampy or poorly 
drained lands, are not adapted to sheep raising. The light sands or 
sand plains can be used to a limited extent for sheep, but the best results 
cannot be secured on these soils. The light sand and the extremely 
rocky, rugged areas are not adapted to cattle raising. The limestone 
loam, clay loam, and clay areas produce the best results with all classes 
of livestock. 

The distance from shipping point or market will influence, quite 
largely, the class of stock produced on the farms. The distance depends 
not only on the mileage but also upon condition of roads and method 
of conveyance. 

The class of livestock best adapted will often depend on the size of 
the farm. Dairy cows and poultry take the first place on the small 
farm. A small flock of sheep and a few hogs add additional income. 
This development takes place as the farm is cleared and sufficient winter 
feed can be produced to carry them through to pasture the following 
spring. 
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TABLE 27—DAIRY CATTLE IN THE UPPER PENINSULA 1920. 


Total Calves par os Bulls 1 Total 
County number under year 2 years year value 
1 year under 2 or over or over 

Algerie cose alone bis o taaeielzto 2,453 610 427 1,322 94 $159, 054 
Bardga cs US 0, Cees mee tone ceentmtaate _ 4,012 972 643 2,234 163 220,399 
Chibpewawaaticrswerattoestetactaue iets 10,475 2,755 1,342 6,222 156 562,317 
Del Gave eo cerion emarer abe cali Ae Say 10,710 2,694 1,690 6,021 305 601,519 
Dickinsoniaterass eee cistcleeag aes 3,866 843 658 2, 264 101 226,428 
Gogeblots sate taaina Meee ald a tet. 3,710 959 550 2,118 83 254,058 
Houphitor ite ve sea te witie ecrn dec: 10,430 2,361 1,589 6,141 339 600, 144 
Lo) heer Sees Reyet AB ar pa me firs a MOISE 4,288 1,066 712 2,369 141 274,885 
Keweenaw ist scares sees ie oe een 366 89 50 216 11 23,026 
ENGR raisins welstosericmiarenise ects cielatans 1,363 402 208 730 23 103,275 
Masking ci cese sata cence aniniesvre a cers 3,022 676 469 1,807 70 159,318 
Mardutottensaeassteexice tesakauiecone = 5,661 1,371 953 3,139 191 333,145 
Menominee sins sis oiacie salou eenrsee siete 20,875 4,753 3,312 12,298 512 1,024,771 
Ontonagonss voc sates .’deis css isinl fanaa 5,577 1,452 1,044 2,946 135 325,498 
Schooleraft........... Bi Aveo te 2,162 481 342 1,281 58 118,722 


POtal Be ascites one si oteicteenaie aes 88,970 21,184 13,989 51,108 2,389 | $4,986,459 


The class of stock kept on the large farms will depend somewhat on 
the owner’s preference, the type of farming pursued and the factors of 
soils and markets which make dairy cattle, sheep or hogs most profit- 
able. 


DAIRY CATTLE. 


Dairying is now, and will continue to be, the leading livestuck in- 
dustry of the Upper Peninsula. Some of the best herds of the entire 
country, and several of the highest individual milk and butter records 
_ have been produced in this section of Michigan. Practically all the 
dairy breeds are adapted to the Upper Peninsula—at present the 
Holsteins and Guernseys, however, predominate. The care and man- 
agement of the dairy herd is based on the ability and the working 
knowledge of the owner to feed, house and improve the herd to get 
maximum results. 

A cow gives her highest yields of milk when she has a_ plentiful 
supply of a well-balanced, palatable food, sufficient water and fresh 
air. These are the natural spring and early summer conditions, at 
which time milk is produced at the least cost. These conditions should 
be duplicated as nearly as possible during the remainder of the year. 


SUMMER FEED AND CARE. 


Pasture ig the cheapest and best feed for the dairy cow during the 
summer months. This can be supplemented with a light grain ration 
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Fig. 27. Duchess DeKol Korndyke, a holstein cow owned by the HWmblagaard Dairy, 
Marquette. 


when necessary. Where possible, a pasture should be kept near the 
barn for late fall and early spring feeding, as it will shorten the winter 
feeding materially. It is always necessary to see that there is plenty 
of water and salt where the stock ean reach it conveniently at all times. 
During the fly season, the stock should be sprayed with a good fly re- 
pellant at least twice a day. There are many good fly sprays on the 
market. A home-made spray that will be found effective, is the fol- 
lowing: 12 oz. crude carbolic acid, 12 oz. turpentine, 12 oz. oil of tar, 
12 oz. tannin, made up to 5 gallons with kerosene. 


WINTER FEED AND CARE. 


The soil of the Upper Peninsula can produce in abundance, «all the 
feeds, with the exception of cotton seed and oil meals, that are neces: 
sary for the most economical production of dairy products. 

In order to get the largest and most economical milk production, 
the feed must have palatability, variety, bulk, succulence and be well 
balanced. The cow must relish a food or she will not eat enough to give 
maximum production. 

A mixture of grains is better than any single one, also two or three 
forms of roughage is preferable to one. 

One of the ways of imitating early summer conditions when cows 
do their best, is to supply a succulent feed in the winter ration, such 
as silage or root crops. On farms where too few cows are kept to pay 
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Fig. 28. The new barn and the old. The County Agricultural Agent aided in the planning 
of the barn, through an agricultural meeting held in that neighborhood. 


for the expense of erecting a silo, root crops should be grown. Ruta- 
bagas and mangels are the best crops for this purpose. 

Silage is the cheapest and most easily handled of all succulent 
feeds. Sunflowers are rapidly taking first place as a silage crop, in 
parts of the Upper Peninsula, where corn cannot be grown  success- 
fully. Peas and oats, and clover make good silage but are more expen- 
sive than sunflowers. Sunflower silage has been fed with success at 
the Chatham Sub-Station, and on different farms of the Upper Peninsula 
during the past three years. Nearly all northern experiment stations 
are reporting favorably on this feed. The proper time for cutting sun- 
flowers has been given under “Sunflowers.” Page 519. 


TABLE 28—THE COMPARATIVE ANALYSES BETWEEN CORN AND 
SUNFLOWER SILAGE*. 


Moisture, Protein, Fat, aie, N. Free Ext. Ash, 
per cent per cent per cent per ¢ ene per cent per cent 
Sunflower Silage: . 
Emblagaard Dairy, 1920........... 75.8 2.12 81 8.15 11.18 1.94 
U. P. Experiment Station, 1920.... 76.9 3.20 .87 6.12 11.15 1.76 
U. P. Experiment Station, 1921.... 80.8 1.81 Sa e60 6.61 9.08 1.71 
Average mature corn.................- 73.6 2.1 .80 7.8 12.9 2.1 
Average immatured corn............... 79.1 bee .80 6.0 11 1.4 


*Analysis by Prof. A. J. Patten, Chemical ‘Section. 
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BALANCING THE RATION. 


Balancing the ration, simply means combining the different feeds 
in such a way so there will be sufficient amounts of proteins, carbo- 
hydrates and fat in the ration to economically maintain the animal and 
support its proper functions. If there is an excess of any one of these 
factors, it will be largely wasted by passing through the digestive 
tract. 

The rules for feeding grain are: (1) One pound of grain per day 
for each 3 or 4 pounds of milk produced, depending on the quality of 
milk and the roughage used, or, (2) One pound of grain per day for 
each pound of butter-fat produced per week. 


HOUSING*. 


The dairy barn should be conveniently located, well lighted and 
ventilated. Its location will depend upon the contour of the land, 
drainage and yarding space and its relation to other farm buildings. 

The arrangements of the windows should be such that the maximum 
amount of sunshine can be admitted during the entire day. Concrete 
floors are the most sanitary and permanent. A rough finish proves the 
most serviceable and keeps the animals from slipping. Cork or plank 
over the concrete floor in the stalls is often advisable, especially when 
bedding is not plentiful. 

Good ventilation is of great importance, but it is often neglected. 
A good dairy cow is the hardest worked animal on the farm. She is 
busy manufacturing feed into milk about ten months of the year, yet she 
is often, during cold weather, deprived of fresh air. Windows hinged at 
the bottom and opening at the top to let in fresh air, and a flue through 
the roof to carry out the foul air, will give fairly good satisfaction, in 
small dairies, but care should be taken to prevent drafts directly on 
the animals. A good ventilating system is a paying proposition in any 
barn. It should be adapted to the barn and be large enough for the 
number of animals kept. 


CARE AND FEEDING OF DAIRY CALVES. 


A large number of dairy cows have their producing possibilities 
greatly impaired when they are still calves, usually before they are two 
months of age. This trouble is indigestion, caused by (1) over-feeding 
and (2) an unclean, wet stall. 

The dairy calf should have the first milk from its mother. This milk 
contains the colostrum that starts the digestive organs of the calf 
working normally. Allow the calf to run with the cow the first and 
second day after calving, then begin hand feeding. During the first two 
or three weeks give four to six quarts of whole milk per day, preferably 
in three feeds; morning, noon and night, then gradually change to skim 
milk. At this age the calf will start eating a little grain to take the 
place of the fat removed from the milk. A good feed is a mixture of 
bran, oats and cracked corn. Clover or alfalfa hay and a little silage 
are good feeds for calves. Water and salt should be kept before them 


*Complete plans for all farm buildings may be secured from the Farm Mechanics Dept. 
of the Michigan Agricultural College. East Lansing, Michigan. 


542 STATE BOARD OF AGRICULTURE. 


at all times. Feed pails must be kept clean, as sour or dirty milk is 
apt to cause indigestion. 

Dry bedding and moderate feeding will aid greatly in taking the 
calf through the sensitive stage to where it is more resistant to dis- 
ease. Calves take largely a liquid diet and consequently void compara- 
tively large amounts of water and wet bedding causes more calves to 
scour than any other one thing, on the average farm. 

Weakened vitality in many herds is often caused by dark, unventi- 
lated barns. Parasites, such as cattle lice, often do considerable dam- 
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Fig. 29. Feeder steers making beef in Chippewa County. ‘A view of the country between 
Sault Ste. Marie and Rudyard. 


age. Where lice are present, the animals should be washed with a solu- 
tion of coal tar dip or kerosene emulsion every two weeks. There are 
many preparations on the market for this purpose. 

Milk fever is a disease often encountered at freshening time. In 
such cases fill the udder with air, by means of an air pump, forcing 
the air through sterilized cotton. A half pound of salts, dissolved in 
warm water, given as a laxative, will give relief. While the cow is un- 
conscious, or partially so, she cannot swallow because of partial or 
complete paralysis of the throat and medicine should not be given by 
way of the mouth as some of it is apt to get into the lungs. Most cases 
of pneumonia, following milk fever, are caused by attempts to give 
medicine in this way. Where possible call a veterinarian. 

Caked udder may be relieved by giving a laxative, massaging the 
affected parts and applying hot cloths. Stop feeding grain. 


BEEF CATTLE. 


Certain areas of the Upper Peninsula are well adapted to beef cattle 
raising. The census for 1920 gives the number of beef cattle in this 
section as 7,346, with a valuation of $321,457.00. 

The abundance of pasture and cheap grazing lands favor beef pro- 
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duction, especially on the large farms. During the past few years, 
there has been several large beef cattle holdings in the Upper Penin- 
sula. Their stock has made good gains during the summer months. 
It is very necessary to provide winter feed and sheds. The failure to 
do this has caused heavy losses to many of the cattle men. Until this 
section becomes much more developed agriculturally, the production of 
feeders will be the main project. The feeds for finishing the cattle, how- 
ever, can be produced as economically in this region as in any other 
part of the State, after sufficient areas have been put undr cultivation. 


Fig. 30. A carload of feeder steers that gained 214 pounds in 107 days on pasture at the 
Upper Peninsula Experiment Station at Chatham. 


The following figures are given as evidence of what can be done 
under general conditions: 

On June 17, 1918, twenty-six steers weighing an average of 694 
pounds, on arrival from Chicago, were turned on cut-over pasture at the 
Upper Peninsula Experiment Station. The following October they aver- 
aged 908 pounds, giving an average gain of 214 pounds per head, in 107 
days. 

John Brown at Kenton, purchased 35 yearling steers January 10th 
at Chicago. These steers were fed clover hay until spring, pastured in 
slashings until August 1st, then on second growth clover the balance 
of the season. 

Average weight when purchased January 10, 700 Ibs. in Chicago. 

Average weight when sold December 10, 993 Ibs. in Kenton. 

Average gain for 11 months, 293 Ibs. 

Average gain per day, 7/8 Ib. 

The following table gives the results of breeding operations with high 
grade Herefords by Geo. M. Mashek, at Northland, in Marquette county. 
These cattle were carried through the winter in a rough shed and received 
no grain. 
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No. head No. calves Calves Average Average 


Year of cows raised sold age weight in 
Chicago 
LOUD. Pe Foe rateke ee oe Re Cee ree eee oe 8 8 8 17 mo. 830 
NOLO oF idicthe cathe! sch Deets cok te tcite pam eterna eee 19 19 19 17 mo. 899 
SHEEP. 


The census report for 1920 gives the numbers of sheep in the Upper 
Peninsula as 26,342 head, with a valuation of $370,046.00. 

The possibilities for developing farm flocks of sheep in this section 
are very good. There are several areas well adapted to large sheep 
outfits. Several men have run large bands of sheep during the grazing 
season with excellent success, as far as gain in weight is concerned. 
Many of them failed because of the lack of preparation. The principal 
reasons for failure were: (1) running stock in unfenced pasture, (2) 
lack of sheds, (3) not raising -their winter feeds. 

The grazing season is long enough to develop a 70 to 80 pound lamb, 
even when the sheep are run in comparatively large numbers. 


TABLE 29.—DATA REGARDING LAMBS SHIPPED OUT OF THE UPPER PENINSULA. 


Average 
Average weight at 
Owner age when __| receiving 
shipped yard 
vaiCarson, Newberry. bce Cor 1OLG cp sacts vistas tale erelttecielk lotavetpielate ers stblerc [alata 482 lambs | 53 mo........ 76.1 
Carley & Keene, Limestone, Alzer/@oi IOn Oe Se cnn sctecumiares ieeeaies ald care oes 795 lambs | 5 mo......... 66.9 
U. PabxperimentiStation; 191 9s 0. Saacewiaas ccreis delete tree gsi vidoleereee spemmiacet 73 lambs | 6 mo......... 78% 
U.P) Bixpermment Station, 1920) sees iene cic cote ce cision cremicte ict nierainetelere trae 89 lambs | 6 mo......... 78 
UsiPslixperiment (Station 0021). . ofa cetawcrertccciern oie cinivle as see monatess ole Sie eistae 92 lambs | 6 mo. 10 days. 82 


The dressing percentages were secured on two shipments which are 
as follows: . 

J. Carson, lambs— 50 lambs, plain dressed..........49.40 per cent. 

J. Carson, lambs—104 lambs, plain dressed..........51.80 per cent. 

Carley & Keene, 795 lambs, plain dressed............50.10 per cent. 

The average dressing percentages (as given by Armour & Co.) for 
grass-fed lambs, is 47 to 48 per cent and grain fed lambs 47 to 49 per 
cent. 

The above mentioned lambs were all shipped to market direct from 
the pastures in the fall. The weights and dressing percentages show 
that lambs not only grow to maximum weights desired by the packers 
during the grazing season, but that a large percentage of them kill out 
well. 


BREEDS ADAPTED. 
The breeds of sheep best adapted to the Upper Peninsula are those 


having close fleeces, including medium and fine wools, such as the Hamp- 
shire, Shropshire, Oxford, Southdown and Rambouillets. 
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The coarse wooled breeds do not do their best in this climate as their 
fleeces are too open. The Southdown lambs do not attain the heavy 
weight that lambs of other Down breeds do, during the grazing season, 
and they also shear light. The Rambouillets shear heavier than the 
other breeds mentioned and their wool usually commands a higher price. 
They are especially well adapted for the larger flocks. 

The small farm flocks usually pay best when they carry largely the 
Hampshire, the Shropshire or Oxford breeding. Some of the advantages 
in favor of sheep raising in the Upper Peninsula are: they assist in 
land clearing; they require the minimum amount of labor; they make 
good use of rough feeds; they require only cheaply constructed shelter; 
and they give a crop of wool in the spring, a crop of lambs in the fall 
and are naturally well adapted to this northern country. 


Fig. 31. Sheep are an effective means of aiding in land clearing work. ‘Twenty sheep 
are equal to the labor of one man in brushing and clearing up the second growth on 
cut-over lands being prepared for breaking. 


SUMMER AND FALL CARE. 


Sheep do better on short and fine grasses than on coarse or over- 
grown feed. They relish a great variety of weeds and brush and are of 
great value in cleaning fields after harvesting and in killing low brush 
and weeds in cut-over lands. New farm settlers will find it a good 
practice with at least a part of their clearing operations on cut-over 
lands, to first cut and burn the larger brush, sow grass seed, then use 
the land for pasture for two or three years, while the roots are rotting. 
The sheep not only keep the green growth down, but bring in a profit to 
their owner. 

Sheep need free access to salt all the time, and they must be kept 
away from bog-holes, containing stagnant water during warm weather. 
A change of pasture occasionally is very beneficial. Sheep will do much 
better on a certain area of pasture if it is divided into two or three parts, 
and the sheep changed every two weeks. , 

No grain is necessary during the pasture season. The native grasses 
alone will carry a ewe with her lamb through the season so that both 
can go to the market, fat, in the fall, even when run in comparatively 
large bands. This has been demonstrated on several large sheep farms 
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in Delta, Dickinson, Iron and Marquette counties, during the past few 
years. 

Where convenient, a pasture near the sheds should be left for late 
fall and early spring grazing, as it will shorten the winter feeding con- 
siderably, and gives the ewes the exercise they need. 

A vigorous, matured ram will breed 40 to 60 ewes. When used to 
that extent, he must be in good condition and be removed from the 
flock at night, fed grain, preferably oatssand bran, and hay. Feed again 
in the morning before turning him in with the ewes. 

Great care should be taken at breeding time to see that every ewe 
is bred. The ewes should be tagged before turning the rams in with 
the flock. The period of gestation in sheep is 145 days. It is not advis- 
able to breed ewe lambs. 


WINTER MANAGEMENT. 


Early lambing requires better housing conditions, more and better 
feed and considerably more labor than when lambs come after warmer 
weather and grass starts. A greater loss of lambs and a lighter fleece 
must be expected with early lambing. When the additional price re- 
ceived for the lambs is sufficient to off-set the added cost of production, 
then early lambing is advisable. The majority of farmers favor winter- 
ing their ewes as economically as possible, lambing about the time 
grass starts. 

Clover hay, alfalfa and silage are the best feeds for sheep. When 
clover and alfalfa hay are high priced, other roughages such as oat and 
wheat straw, corn fodder, pea and oat hay, and pea straw can be used 
to good advantage. Barley and rye straw are objectionable because of 
the beards. Rye straw often contains ergot, which causes abortion in 
the ewes. Matured sheep require from three to three and one-half 
pounds of hay per day, when no other feeds are provided. When a 


Fig. 32. There is a place for a few sheep on most every farm. 
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poorer quality of roughages, such as straw and corn stalks are used, a 
little grain should be given. One-half pound of oats, or oats and bran, 
the latter in proportions of two parts of oats to one of bran makes a 
good grain ration. A succulent feed is necessary for the most economi- 
cal wintering of sheep. Root crops, such as rutabagas, turnips, carrots 
or silage can be used. Two pounds of either root crops or silage per 
head per day gives good results. Mouldy feed of any kind is objection- 
able. Grain and water troughs should be kept clean. 


CARE OF EWES AT LAMBING TIME. 


As lambing time approaches, give the ewes a little additional feed 
and trim the wool around the udders. They will need attention both 
day and night to see that the lambs do not get chilled before they are 
dry; that the mothers have milk for their lambs and that they will own 
them. If a lamb is chilled even to the point where it is stiff, it can 
usually be revived by putting it into warm water until the circulation 
is restored, wrapping it in a dry blanket until it is dry, giving a feed 
of milk, then returning it to its mother. After a lamb is dry and has 
a feed of its mother’s milk, it will stand a lot of cold. The best success 
is obtained by placing ewes about to lamb into four feet square lamb- 
ing pens until the lambs are from two to three days old. 


DOCKING AND CASTRATING LAMBS. 


All lambs should be docked, (tails removed) regardless of whether they 
are to be kept as breeders or marketed. Docked lambs look trimmer, 
are cleaner and are in less danger of being infected with maggots during 
the hot sultry weather. The best time to dock lambs, is when they 
are from ten days to two weeks old. At that age, they bleed but little 
and there is little shock to the lamb. A sharp knife or docking iron is 
used and the tail cut about one inch from the junction with the body. 
Apply a disinfectant after the operation, also a little pine tar if the 
flies are bad. 

All male lambs not intended for breeding purposes can well be 
castrated at the same time they are docked. Ram lambs, after they - 
are four months old, do not grow as rapidly as wether lambs and do 
not fill out as well, consequently they command a lower price on the 
market. The following tables gives the prices received from sale of ram 
lambs, vs. wether lambs, from the Chatham Experiment Station. The 
ram lambs were pure breds that were not true to type, for the breed: 


TABLE 30—DATA SHOWING LOSS IN SALE PRICE OCCASIONED BY FAILURE 
TO CASTRATE LAMBS. 


1919 1920 1921 
Price, Price, Price, 
per cwt. per cwt. per ewt. 
Ream lami bgt is ans aspen eee een ara See steno aie clos Gres Piste See Pe $10.00 $10.00 $5.50 


Wetherdam bi sai. -.sonmc meee mere cv ictre dark tice cic Re eee chien a 15.50 12.85 8.25 
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Feeding racks should be constructed so that no chaff or feed can 
fall on the sheep’s fleece. The value of the fleece is often reduced one- 
half by carelessness in this respect. Crowding through narrow doors 
frequently causes the loss of lambs, all openings should be large enough 
to avoid crowding. 


HOUSING. 


Sheep do not need an expensive barn. Any shed that will keep them 
dry and keep out the wind is sufficient. They soon lose vitality when 
housed in a warm, unventilated barn. 


HEALTH. 


Sheep that are pastured on well drained land, well fed and wintered 
in well ventilated sheds are usually in good health, unless afflicted with 
parasites. 

There are two classes of parasites, the external and internal. The 
external parasites, lice, ticks and maggots can be controlled by dipping. 
Dipping is usually done shortly after shearing, as it takes less dip and 
the weather is usually warm. Maggots often do considerable damage 
during hot, wet weather. Apply gasoline or diluted turpentine to kill 
them. Then add a disinfectant with a little pine tar to prevent infec- 
tion and to repel flies. The internal parasites most liable to be trouble- 
some, are stomach and lung worms. 

Owing to the cool climate of the Upper Peninsula, stomach worms 
do not have the opportunity to multiply that they do in the warmer 
areas. Sheep that have been pastured continuously on one field, often 
are effected, also those that have had rams introduced from infected 
flocks. Directions for treatment may be secured by writing this Experi- 
ment Station. 


Fig. 33. A bunch of pigs in the feedlot on the farm of John Mann, Houghton County. 
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Sheep pasturing on low lands and drinking from stagnant pools, often 
develop lung worms. Lung worms are light colored, thread-like worms 
that feed on the lining of the tubes to the lungs. As they increase in 
numbers, they lie in clusters in the tubes, shutting off the circulation of 
air. 

No successful practical treatment has been found. The best method 
is to send to market all weak sheep and those with a hacking cough and 
keep the balance of the flock on well-drained pasture where there is no 
stagnant water. 


HOGS. 


The census report for 1920 gives the number of hogs in the Upper 
Peninsula as 22,502, with a total valuation of $448,551.00. 
Both the lard type and the bacon type hogs are well adapted to this 


Fig. 34. A promising group of Yorkshire pigs on a farm near Stephenson, Menominee County. 


section. The best system in most sections of the Upper Peninsula is to 
produce one litter per year and that in the spring. The most satisfactory 
way is to run the pigs on pasture with a little grain during the summer 
months and finish them on full feed of grain. Barley and field peas 
are excellent finishing feeds for use after the pasture season is over. 
On farms that have good housing conditions for the pigs, and that raise 
plenty of grain for feed and have plenty of skim milk, the fall litters 
can be developed successfully. On every farm where either clover pasture 
or skim milk is available, a few pigs will help increase the family income. 


HORSES. 


There were 25,069 horses in the Upper Peninsula in 1920, valued at 
$3,915,404.00, according to the census report. These are principally of 
two types: the light draft, weighing from 1,350 to 1,500 pounds and the 
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heavy draft, weighing over 1,500 pounds. The heavy draft horses are 
largely shipped in from the corn belt states and used in the woods, 
cities and towns. Many of the light draft horses are raised in this terri- 
tory. Chippewa and Menominee counties are the leading breeding sec- 
tions. 


POULTRY. 


The 1920 census reports 248,885 chickens raised in the Upper Penin- 
sula. 

No farm is complete without a flock of poultry. The size of the 
flock will depend on the amount of land under cultivation, distance from 
market and the importance placed on poultry receipts in the general 
farm plan. 

There are locations in the Upper Peninsula where specialized poultry 
farms can be made a success, but usually the greatest profit per fowl 
will be made by the medium-sized farm flock. The reasons for this 
greater profit is that the farm flocks have a wider range, consequently 


Fig. 35. ‘The barred rock hens in the picture have a production record of 217 eggs per 
year at the Chatham Station. 


gather the greater part of their food during the summer months, and 
they are generally taken care of by the women and the children. 


FLOCK MANAGEMENT. 


Free range, plenty of fresh water and skim milk, a light feed of 
grain in the morning, a heavier feed at night, with dry mash always 
available, with a clean coop free from lice, will bring good results with 
any good laying strain of hens. During the summer the poultry will 
gather a good deal of their feed, but for high production this feed 
should be supplemented by the scratch feed and dry mash. Lice increase 
rapidly during the-warm weather, especially when the poultry house is 
not sprayed or white-washed occasionally. 
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Good judgment and careful attention are necessary to get good re- 
sults from poultry during the winter season. To get best results, early 
summer conditions should be duplicated as nearly as possible. At that 
time the birds get plenty of exercise, fresh air, green food, meat (bugs, 
worms, flies), grit and the grain that is fed them. During the winter 
months, the exercise can be provided by mixing the grain in a deep litter 
of clean straw and chaff; the green food by feeding cabbages, roots, 
sprouted oats, clover and alfalfa. Grit, oyster shell, green food and 
skim milk should be supplied. Both the dry mash and the scratch grain 
should be used to get best success. 

The following rations are advocated for the Upper Peninsula by the 
Poultry Department of the College. 


Scratch Feed. Dry Mash. 
2 parts cracked corn 20 per cent corn meal 
1 part wheat 20 per cent ground oats 
1 part heavy oats 20 per cent bran 


20 per cent middlings 
20 per cent beef scraps 


Cull the flock before starting winter feeding. Full instructions on 
culling can be received through the County Agent or the Poultry De- 
partment of the Michigan Agricultural College at East Lansing. Blue 
prints for poultry houses that are especially adapted to the Upper 
Peninsula can also be secured from the above sources. 


LIVESTOCK IMPROVEMENT. 


The agricultural future of the Upper Peninsula is going to depend 
largely on the interest developed in the improvement of livestock. 
Considerable progress is now being made along this line. Scrub stock 
cannot compete successfully with the high grade of pure bred stock. 
Improvement of livestock can be accomplished through better pure-bred 
sires, co-operative bull associations, cow-testing associations, culling the 
herds and flocks and by stimulating boys’ and girls’ club work in the 
different communities. 


BULL ASSOCIATIONS. 


The sire is half the herd ag far as the influence on the progeny is 
concerned, consequently, improvement in the herd can be best accom- 
plished by using better sires. 

Where a farmer has not a large enough herd to pay him to keep a 
high-class pure bred bull, he should join with a few of his neighbors 
and organize a bull association. In that way they can own a better sire 
than anyone of them could afford to buy. 

Banish the scrub bull from the roadside. 

The scrub bull is a menace to livestock improvement in any commun- 
ity, but doubly so in newly settled areas, where many cattle run at 
large. There is a law on the statute books prohibiting owners from 
letting bulls run loose on the roads, nevertheless it has but little effect 
until public sentiment within the communities has been developed 
sufficiently so that it is more popular for the officers to enforce the law 
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Fig. 36. Guernsey bull Larry Pendent, 19054, owned by the Stanley Breeders’ Association, 
which consists of twenty farmers (Iron County). ‘There are a number of such associa- 
tions in the peninsula. 


Fig. 37. <A picture showing very plainly the advantage of using a pure-bred sire. The 
old red cow bred to a pure-bred Guernsey bull produced the grade cow standing next 
to her. The two heifers on the right are daughters of the above grade Guernsey cow and 
the pure-bred Guernsey bull. Stanley Guernsey Breeders’ Association, Iron County. 
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than to be indifferent to it. There is but little incentive for a farmer 
to keep a pure-bred bull as long as there is constant danger of his cows 
being bred by stray scrub bulls. 


COW TESTING ASSOCIATIONS. 


The cow-testing associations are proving of great assistance to dairy- 
men in building up their herds. The milk scales and Babcock tester 
should be more generally used in culling out the boarders. There are 
still many herds containing cows that do not pay for their feed. 


BOYS’ AND GIRLS’ CLUB WORK AN IMPORTANT FACTOR 
IN IMPROVING LIVESTOCK, 


In 1921 there were 17 boys’ and girls’ livestock clubs in the Upper 
Peninsula, with an enrollment of 178 members, owning a total of 227 
animals. There were also 10 poultry clubs with a membership of 73, 
owning 1,520 birds. These 300 boys and girls owning either high-grade 
or pure-bred stock, are a great help toward establishing better livestock 
in their respective communities. 


Fig. 38. A calf-club boy and his high-grade holstein heifer calf—Carl Reimer, Carney, Men- 
ominee County. 


BEES*. 


Beekeeping in the Upper Peninsula is as yet in its infancy. The 
splendid crops of fine honey obtained, however, by those commercial 
beekeepers who are now operating apiaries in the Upper Peninsula 
demonstrate that there are wonderful possibilities for the development 
of the industry, especially in those districts having clay or heavy loam 
soils. On these soils the alsike, white and sweet clovers, fire-weed, rasp- 
berry and golden-rod grow in abundance and under favorable weather 


*By Russell 'H. Kelty, Entomological Section. 
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conditions, provide heavy yields of nectar. As the climatic conditions 
are very favorable for the development of these nectar-bearing plants 
during the summer and early fall, and as the honey from these sources | 
is of the very best, it is evident that beekeeping is sure to prosper. 

The census report for 1920 shows that there are nearly five hundred 
colonies of bees already in the Upper Peninsula, a relatively small num- 
ber of which are in the hands of commercial beekeepers. The absence 
of bee-diseases, together with the favorable conditions for honey pro- 
duction, assure the success of commercial beekeeping in the Upper 
Peninsula. 


Fruit GROWING IN THE Upper PENINSHLA. 


The kinds of fruit grown are limited by the length of the growing 
season, the distribution of rainfall, and the variation in the range of 
temperature of the days and nights. 

By referring to the discussion on climate, the areas will be found 
which are influenced by the great lakes, where the variation between night 
and day temperature ranges 18 degrees or less, and where this body of 
water tempers the winter as well as the summer temperature. Those areas 
lying on favored locations in relation to the great bodies of water are 
further protected by the “land and lake breezes” which are common 
throughout the Great Lakes area and which consist of land breezes dur- 


€ 


Fig. 39. WFruit growing in the Upper Peninsula is in its infancy. Mary sections have con- 
ditions favorable to both tree fruits and, small fruits. 


ing the day until mid-afternoon when a strong breeze from the lake 
sets in causing a fall in temperature but which protects the section so 
favored from extremes of temperature and mid-season frosts. Such 
areas for fruit should be located so that good air drainage can be se- 
cured. In general the climate is such as to favor the growing of the 
summer and fall varieties of apples, sour cherries, Japanese plums, and 
practically all small fruits such as currants, gooseberries, raspberries, 
strawberries, etc. 
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The soils available for fruit growing are rather well distributed. 
The soils that are capable of producing farm crops generally, will pro- 
duce fruit providing the location is right. 

Apples generally do well on the clay loams and sandy loam soils. 
Cherries and plums do best on the sandy loams and sandy soils. Straw- 
berries are being grown on all classes of soils from the heavy clays to 
the lighter sands. (The Jack pine soils:aré not included in this classi- 
fication of sand soils.) , 

Fruit growing in the Upper Peninsula is just beginning to develop. 
The growers giving proper attention to the selection of a location, proper 
fertilization and care, selection of proper varieties and who are spray- 
ing for insects and diseases common to fruit in this section are pro- 
ducing good crops of fruit of fine quality. The varieties found to be 
successfully grown over the Upper Peninsula generally are: 

Apples: Summer varieties—Yellow Transparent and Duchess. 

Fall varieties—Wealthy, McIntosh, Fameuse (Snow), 
(Northwestern Greening, Alexander and Wolf River, 
hardy but poor quality). 

Crab Apples: Hyslop and Transcendent. 

Plums: Burbank, Lombards, Bradshaw. 

Cherries: Montmorency, Early Richmond. 

Currants: London Market, Perfection, Wilder. 

Gooseberries: Downing. 

Raspberries: Cuthbert, King. 

Blackberries: Eldorado. 

Strawberries: Senator Dunlap, Gibson, Aroma, Champion (Ever- 

bearing). 


Truck Crops. 


In commercial truck growing three factors are of prime importance: 

(1) location with respect to market, (2) adaptation to climatic con- 
ditions, (3) adaptation to soil types. 

Location: Many of our truck crops, such as canning peas, cucum- 
bers, ete., are dependent on a market close to home. That is, these 
crops are produced for a canning factory or pickling plant in a well- 
defined area surrounding such a factory. Celery, onions, head lettuce 
and other truck crops of this nature can be produced without special 
regard to location of the market, yet they must have a dependable mar- 
ket and dependable transportation facilities in getting to that market. 

Climate: The climate of the Upper Peninsula is very well suited 
to the production of many of our important truck crops. This is 
especially true of certain areas adjacent to the Great Lakes. The 
Garden Peninsula in Delta county is probably one of the finest loca- 
tions with respect to climatic adaptations to truck crops. 

Soil Types: With the wide range in soil types found in the Upper 
Peninsula it is possible to locate suitable soils for truck growing in 
most any section of the territory. The truck areas are usually located 
with reference to market conditions and not to soil types. The celery 
gardens at Newberry are an exception; they are located with reference 
to soil type and transportation facilities to market. The canning peas, 

Information on pruning, spraying, planting, fertilization, etc., can be obtained in detail 
from the Horticultural Dept., (Michigan Agricultural (College, East Lansing, Michigan. 
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Fig. 40. Special crops such as celery, cucumbers, peas, cabbage, etc., have a place in the 
agricultural development of this region. Cabbage on the field of Robert Blemheuber, 
Marauette. 


sweet corn, and cucumber crops are being produced in Menominee 
county because there is a local market at the canning factory, in addition 
to the favorable climate and suitable soil conditions. The possibilities 
of canning factories in the section are very good, because in addition 
to truck crops there is an abundant supply of native small fruits such 
as raspberries and huckleberries. 


Further information on the culture of truck crops can be obtained direct from the 
Horticultural Department. East Lansing, Michigan. 
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FOREWORD. 


Milk is a most highly decomposable food. Ranking as it does at the top 
of the list of foods from the standpoint of completeness, availability and 
general acceptability, it tends to occupy the position at the foot of the list 
from the standpoint of keeping qualities. It is, therefore, very essential 
that careful study be made not only to devise methods for improving the 
quality and prolonging the keeping quality of milk, but also to devise tests 
whereby the quality and the keeping quality may be easily and accurately 
estimated. Quite naturally the earliest efforts to determine these points 
scientifically consisted in using the common bacteriological technique of 
estimating numbers of bacteria by plating. More recent technique has 
been developed whereby the number of bacteria may be estimated by direct 
microscopic examination of the milk. Methods are available whereby the 
amount of dirt in milk may be made visible and estimated. Other tests 
have resulted from approaching the problem from a different angle, one in 
particular being based upon the determination of the activity of certain 
enzymes in the milk. Cooledge and Wyant of this Station have already 
announced the discovery of a method intended to determine the activity 
of both bacteria and the enzymes in the milk. This method appears to be 
both simple and accurate, particularly when the apparatus designed by the 
former is employed to make the readings. The present bulletin describes 
the technique employed and the apparatus devised and a comparison of 
several of the methods that are at present advocated for testing the keeping 
qualities of milk. There is also included a plan for grading milk and paying 
a bonus based on the keeping quality as determined by this method. The 
method described and employed proves to check far more closely with the 
actual keeping qualities of the milk than do the other methods with which 
it is compared. 3 

The author acknowledges his indebtedness to G. G. Speeker and L. C. 
Emmons of the Mathematics Department for their assistance in furnishing 
a mathematical interpretation of Table 7. 


WARD GILTNER. 


STATE BOARD OF AGRICULTURE. 


i) | 
ou 
172) 


“THE COLORIMETRIC HYDROGEN-ION DETERMINATION AS A 
MEANS OF STUDYING BIOLOGICAL CHANGES 
IN DAIRY PRODUCTS. 


Technical Bulletin No. 52 


BY L. H. COOLEDGE 


The method usually applied in a study of the sanitary condition of dairy 
products is the bacteriological count. This is determined by the plating 
method, which gives an approximation of the number of individuals or groups 
of live bacteria present in the sample, or by the microscopic method which 
gives an approximation of the total number of bacteria, both dead and living 
which are present. Either of these methods is a valuable aid to the sani- 
tarian in judging the care which has been exercised in producing the milk, 
and the precautions observed to prevent the growth of any bacteria present. 

The bacteriological count fails to indicate with a sufficient degree of ac- 
curacy the actual ability of the bacteria present to produce the changes 
which would make the dairy product unfit for consumption, and it is often 
the case that the sample of milk with so high a bacterial count that it would 
be condemned by most of our city ordinances, is actually a good grade of 
milk when judged as to keeping quality and type of fermentation which 
develops when held at the temperature commonly used in the home. 

To find a method which would give a reading more nearly representing 
the actual ability of the bacteria and enzymes present to produce the changes 
of interest to the producer and consumer, Cooledge and Wyant (1) made a 
study of the ability of bacteria and enzymes present in milk to cause a change 
in hydrogen ion concentration of a broth solution to which the milk was added. 
The object of this paper is to call attention to the possibilities of this method 
when applied not only to market milk but to other dairy products, and in 
other phases of bacteriological investigation and to serve, as an introduction 
to work which is under way upon each of the subjects considered. 


REVIEW OF LITERATURE 


The work of Clark and Lubs (2) and of a number of other investigators 
shows that the hydrogen ion determination furnishes a delicate means for 
measuring certain biological changes in solutions and that the same may be 
determined with a fair degree of accuracy by colorimetric methods. 

Baker and VanSlyke (3) have devised a method for determining the keep- 
ing quality of milk in which the indicator Brom-cresol-purple, is added to 
the whole milk to be tested, and the color noted after 24 hours at room tem- 
perature. Four stages of progress are thus noted depending upon the color 
of the milk indicator solution. The objection to this method is the length 
of time required to get results. It is probable that the samples held could 
be more accurately classified after 24 hours by simply tasting. The opacity 
of the milk makes the detection of slight changes in color difficult. 
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Cooledge and Wyant (1) obtain results which check well with the actual 
condition of the milk by adding 0.1 cubic centimeter of the milk to be tested 
to a tube of broth containing the indicator Brom-thymol blue and incuba- 
ting at 387°C. pH readings are made hourly and the condition of the milk 
is judged by the rate of change. Results are thus obtained in from 1 to 8 
hours which enable the writers to divide the milk into 17 classes depending 
upon the ability of the bacteria and enzymes present to cause the changes 
in readings. 


METHODS 


Preparation of Media. The only medium necessary for this work is the 
bouillon cube broth recommended by. Wyant (4) and containing the indica- 
tor Di-bromthymol sulphonephthalein (Brom-thymol blue). One bouillon 
cube, 1 percent Witte’s or other peptone, 0.5 percent salt are added to each 
liter of water and after the usual heating and filtering 80 ce. of a 0.04 of 1 
percent aqueous solution of brom-thymol blue added for each liter of broth. 
The broth is then cooled to 20°C. and the color adjusted to compare with 
tube 6.8 of the standards which are mentioned later. A compensating blank, 
broth without indicator, must be placed in front of the standard and the 
readings must be made at room temperature. 

The broth is then placed in 100 or 2C0 ce. flasks sterilized, and stored. 
When needed 10 ce. of the broth indicator solution is transferred to a 2.8 x16 
em. sterile test tube with a 10 ce. sterile pipette and compared with standard 
tube pH 7.0 in the comparator. A few drops of N/1 NaOH or HCl are 
then added to the flask of indicator solution if needed to make the color of 
the broth solution compare with tube pH 7.0. Broth without indicator 
must be used as a compensating blank in front of the standard tube. The 
broth is now ready to use and is transferred in 10 ce. portions to 2.8x16 cm. 
sterile test tubes using a sterile 10 cc. pipette. 


Preparation of Samples. In taking samples the same precautions should 
be observed as when sampling for other bacteriological tests. Preliminary 
experiments, however, indicate that pipettes may be re-used with safety 
after rinsing in hot water. 

It is desired to add 0.1 ce. of milk to each tube of brom-thymol blue broth. 
To reduce the error due to measuring direct as sma!l an amount of milk as 
0.1 ec., sterile 9 ee. water blanks in test tubes are prepared and 1 cc. of the 
milk to be tested added to these. After thorough mixing 1 ce. of each di- 
luted sample is transferred to a tube of the broth. 


Incubation. After the 0.1 cc. portions of milk have been added to the 
tubes containing brom-thymol blue broth they are placed in a water bath or 
incubator at a temperature of 37°C. Hourly observations are made to 
detect the first change in color of the indicator due to the development of 
acidity resulting. from the activity of the bacteria and enzymes present. As 
soon as pronounced changes are noticed, hourly readings are made by placing 
the tubes containing milk—broth—indicator in the comparator and com- 
paring with the standard tubes as mentioned below. The samples must 
be placed in a water bath and cooled to 20°C. before readings are made. In 
this work readings should be made at a constant temperature. The readings 
of the unknown and standards vary somewhat with change in temperature, 
making this precaution necessary. 


Standards. The standards are the buffer solutions described by Clark 
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and Lubs (2). Ten ce. portions are placed in the 2.8x16 cm. test tubes with 
the same amount of indicator that was placed in each 10 cc. of the broth 
solution and sealed. In this way the standards will keep for a considerable 
period. The standards with the following readings are used in this work, 
pH 7.4, 7.2, 7.0, 6.8, 6.6, 6.4, 6.2, 6.0, and 5.8. These standards may be 
prepared i in any chemical ‘laboratory, or if one has not the facilities for mak- 
ing may be obtained from Hynson, Wescott and Dunning of Baltimore at 
a, reasonable price. 


Comparators. Colorimetric procedures in experimental and analytical 
chemistry have grown in favor during the past few years until at the present 
time many determinations are quickly made by colorimetric methods which 
required tedious gravimetric technique a few years ago. 

To meet this growing demand several types of comparators and color- 
imeters have been devised during the past few years. Most of these are 
not suitable for the determination of pH where the standards are in test 
tubes and need not be considered in connection with this work. 

In using the technique of the colorimetric hydrogen ion determination to 
read the approximate pH of solutions in test tubes the writer found the 
method of changing standards and unknowns in the comparator so tedious 
and time consuming that the desired number of readings could not be made 
each hour. With the idea of finding a more convenient comparator or of 
devising a means which would make the reading of a greater number of de- 
terminations possible, a study was made of the types in which unknowns in 
test tubes were compared with standards in test tubes. As none of the com- 
parators in use were found to meet the requirements of this work the fol- 
lowing arrangement, a modification of the comparator of Hurwitz, Myer 
and Ostenberg was designed. (Fig. 1). 


Fig. No. 1 A comparator designed for examining a large number of samples in a short time. 


Two sliding test tube racks are constructed and so arranged in the com- 
parator that the one carrying the standard tubes B (Fig. 2) can be slid back 
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and forth until a tube is found that compares in color with the first unknown 
in the second rack A. The rack containing standards is moved back and 
forth by pulling the strings shown in the cut. The second rack A carrying 
the unknowns is then moved along one place and the reading of the second 
unknown found in the same way. The under surface of each sliding rack 
is indented opposite each test tube, the indentation being designed to re- 
ceive a cog supplied with a spring. By means of this arrangement the tubes 
are stopped with a click at the proper place in the path of light as the racks 
are moved back and forth. Rack B is so constructed that it can be removed 
readily and replaced by other racks containing standard tubes for other 
ranges of pH. 


The readings are made by using light directly transmitted or the compa- 
rator is tilted by placing books under the end toward the observer and light 
reflected from a white surface through the tubes. 

It is possible by using this comparator to examine, in a given time many 
times the number of samples which could be examined by the old method. 
This comparator is now being placed upon the market by the Central Scien- 
tific Company of Chicago. 

The comparator described above is indispensable to the worker wishing 
to examine a number of samples of milk at a time. For one who examines 
only a few samples, the combined comparator and storage rack, designed 
by Cooledge and Klever will be sufficient. (Fig. 3). 

Two strips of wood 114 inches by 3 inches by 14 inches are selected and 
thirteen 34 inch holes sunk in one edge of each. One of these is used as the 


L/CGH 7 
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Fig. No. 2. Detail of comparator shown in Figure No. 1. 
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base and the other as the cover. Slits are cut through the sides to the mid- 
dle three holes of the base and of the cover. Two sets of steel clamps are 
made and grooves cut into the wood in such a manner that one set can be 
used to clamp the cover on when the standards are not in use and the other 
set to clamp the inverted cover beside the base when the combination is to 
be used as a comparator. 


COMPENSATING 
yank 


Fig. No. 3. A combined comparator and storage rack for standards. 


The advantage of this simple rack and comparator is that it furnishes a 
convenient place for storage of standards away from dust, light and danger 
of breakage and makes an excellent shipping package. (Fig. 4). Where 


Fig. No. 4. This comparator and rack for standards is furnished with the sets of standards put 
on the market by Hynson, Wescott and Dunning. 
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used as a comparator the convenience of having the standards at hand is 
valuable. The three middle holes may be used for storing compensating 
blanks. An extra hole at the end holds the comparator clamps when the 
cover is adjusted. 


EXPERIMENTAL WORK 


The experimental work which has been completed for this paper is in- 
tended to show briefly the application of the colorimetric hydrogen ion de- 
termination to the subjects considered. Studies which are under way and 
projected will take up in detail the various phases of the work. 


MILK PLANT SUPPLY 


A method which could be used to judge the keeping quality of milk as it 
is delivered to the city milk plant, creamery, ice cream plant, and condensery 
has long been needed. Methods which are in use at the present time are 
faulty in that they do not give a true index of the keeping quality of the 
milk, are subject to considerable error, require a trained technician, are 
expensive of material and labor, and require too long a time before results 
are available. ! 

The results tabulated in Table I are designed to show how the score of 
milks tested by the pH method compares with the bacterial count and with 
the actual keeping quality as judged by tasting after the milk had been 
stored for 24 hours at 21°C. The samples are scored as to pH change as 
shown in Table III taken from a previous paper. 

A summary of the results in Table I rearranged in Table II shows that 
the average bacterial count checks up quite closely with the score based 
upon rate of change in pH. As shown in Table I there are many individual 
cases in which a high bacterial count does not indicate a sample of milk with 
poor keeping quality, nor does a low bacterial count always indicate good 
keeping quality. 

In Table I it will be seen that samples with counts of 100,000, 120,000, and 
185,000 bacteria per cubic centimeter were sweet at the end of 24 hours at 
room temperature while samples with counts of 11,000, 30,000 and 36,000 
were sour or curdled. This was undoubtedly due to the fact that the first 
three samples were contaminated largely with inert or slow acting bacteria 
while the last three samples contained very active varieties which quickly 
soured the milk. In the actual practice of grading milk by the bacterial 
count alone the first three samples might have been condemned while the 
last three samples with low counts and poor keeping quality would have 
passed as a very good grade of milk. In this way an injustice is often done 
when milk is graded upon the bacterial count alone. 
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Table I 
Comparison of pH Change in Milk, Bacteriological Condition, and Keeping 
Quality. 
pH bp 3 
: 5 oe 
1 3 2s oi 
c = 25 no 
K z a28 = =e ae 
s PLANT ee al rea EE meee a ee eae Bs ge Be 
5 ey te 0 eee ad oat Be eae ce ce ee 
fe a 5 o = 9 
A * 1D © é co R Aas est A, OS | ae 
PRADA tne las Coal. Salen et | 6.7 | 6.7 |100 5,000 | 3,000] 1,000 | Sweet 
Die eae eee ae 6.8 | 6.7 | 6.7 | 6.7 |100 5,000 | 1,200 600 | Sweet 
Sone 1c tages ae 6.8 | 6.7 | 6.7 | 6.7 | 6.7 |100 6,000 | 2.400 | 2,000 | Sweet 
DOM IME Ts ah Wacte. eae [esau Waele ce | leary 7d) 0,0) 5,000 it OOD HN) Eee eee ae Sweet 
5 Le 6.8 | 6.7 | 6.7 | 6.7 | 6.7 }100 3500082 -4,900 1.0.0... Sweet 
ESCH a ata: UIs tae oS 6.7 | 6.6 | 95 14/000 | 7,900 | 2,100 | Sweet 
iL TR Nee Ta oe 6.81 6.7 | 6.6 | 6.6 | 95 50,000 | 10/000 | 7,000 | Sweet 
EL RNG St ah, A Ald 6.7 | 6.6 | 95 2'000 } 1,000 | 1,000 | Sweet 
ERR sacra 5 ie ae 6.8 | 6.7 | 6.7 | 6.6 | 95 30,000 | 10/000 | 1,500 | Sweet 
Te ees eM ce 6.8 | 6.6 | 6.7 | 6.6 | 95 17,000 | 2,000 300 | Sweet 
A EM CMe na al My Me 6.6 | 6.5 | 90 6,000 | 3:000 | 3,000 | Sweet 
PAA eosin ake 6.8 16.6] 6.5 |6.5| 90] 100,000] 30,000 ]....:.... Sweet 
BOSE eee hls oe 6.7 | 6.7 | 6.7 | 6.5 | 90 25,000 | 3/500 | 4,000'| Sweet 
TGs ele eee eked ee 6.8] 6.6 | 6.6 | 6.5 | 90 60,000 | 4/800] 4,800 | Sweet 
1 en HI eee Aeneas el (BOR ei eicyetots| teeearets o| Revie 625) || 90 PALO IO) =| ian ae Me herent Sie Sweet 
RAGA GM UTR Ete Mod Cal Re Be 6.5 | 6.4 | 85 13. QODNPOE EC ob cae ee ! Sweet 
TAOS CR Cem ember alr eta 6.6 | 6.5 | 6.4 | 85 25,000 |’ 10,000 |’ 2,000" Slightly sour 
SS Ree Aan are 6.7. | 6.6 | 6.5 | 6.4 | 85] 120/000] 30;000]....:.... Sweet 
LUA’ Apatite eller ca OE. | 6.7 | 6.7 | 6.4] 85] 100/000! 20/000 |’ '5,000'| Sweet 
Dy Bee See ne Ws On| Ce a 6.7 | 6.6] 6.4] 85] 130,000] 15,600 | 97,000 | Sweet 
SSI AY SUA Seep ed Urs ak ate aS 6.4 | 6.2 | 75 25,000 | 10,000 | 12,500 ! Sweet 
BEA O0)) Lennala s Palas 6.3 | 6.2] 75] 185,000 | 100;000 |......... | Sweet 
IIS TAG AR eT OR res 6.6 | 6.3 | 6.2 | 75 30,000 D300: | ese ne ‘Slightly sour 
Po Rte Si ae oan 6.6|6.5|6.4|6.2|75| 140/000 | 46:000 | °8,400 |Slightly sour 
| LP oa een aa 6.6 | 6.5 | 6.4] 6.2] 75]| 300,000 | 195,000 | 3,000 [Slightly sour 
or 1 ae eo | ela Oe ead 6.3 | 6.0 | 65 | 1,500,000 | 795:000 | 30,000 | Curd 
5 EET TS Roe 2 (eee ean ee 6.3 | 6.0 | 65 | ‘110/000 | 65,000 | 29;700 | Sour 
5a hi Die emet sae ond eat Rela 6.4 | 6.0 | 65 | 1,200/000 | 550/000 | 205/000 | Sour 
BASS te SRE eae lg. tebe 6.5 | 6.0 | 65 | °200;000 | 120/000 | 20,000 } Sour 
1 aieapeteeapnets: | aie 6.5 |6.4'| 6.1 | 6.0 | 65 | 1,000'000 | 750,000 |....:.... Curd 
SEAR cal SP RN (io 6.0 | 5.8} 55 | ‘700,000 | 448/000 | 210,000 | Gurd 
ore ert hin oman ial ae oD hee 6.0 | 5.8 | 55 | 600,000 | 378,000 | 60,000 | Curd 
PRAM res see Earn Salta 6.2 | 5.8 | 55 11, 000412 0- 78, OU setese ga Sour 
AGUS AGL SH: See Hee ld] See eke 6.21 5.8 | 55 36,000 | 32/000 |’ 36,000 | Sour 
ELE STE: OME [eet 8 Ue 6.0! 5.8 | 55 | 216,000 | 185,000 | 31,000 | Sour 
Rsebta ee ie aE, NOE Bis neue sen 1.60519, 350/000") 200) 7c ieee Curd 
Beas pes. coed Gil Os4 (624, 5, Salseon, faBOrd7;, S00 0007/2 86 7h Solero ae Curd 
BeSBeG ee ore G6. |.6.3°| 6.3 | 5.8450... GO fi, 800,000" Th cc en ones ane Curd 
ey iiie maereee (nto Sahil Oiss5.S [see 5O9| 31-50 0003).45,.4as 5 awe aoe Curd 
EN yee ae Gi 1(6.30620)) 58s) cea BO) A 2OG VODs cen ek alee yO, Curd 
Bye Ss kare ee GED i el Oa 7A hae Wea i ee le ea Curd 
(Ree |e a aeers Sa Ieee © (0 tg eae 45 SAG OO ONDE ne Meter NS cpset ee Curd 
WSS HON wc 6 OCEAN HES Soo cae A NAO OOD Ae ess calaccce ne cen Curd 
W330 gece CUNO RSIS. ple wes £51 MAOOAOOO A C5 hl 0 scl ea sce Curd 
BS 5seO he ce re AaLAr Me i fc 2 Vn ABA NOOO Os fear A ce ok deck Curd 
dich tengacbecal eines CI basa ai WRI Gara 9m 1108 10D fig MN 
Hoe de en eee ee eto ce eae a ee AOS] At SO UOMO ean i Oocc | coe easier Curd 
ah es PAE GAAS Mk i a 40/5), OO OUR Efe. | we satee Curd 
TR EDD ee ee Ges Wc Svin ee a honey 40's DOOMOMERN teak sly. Lao ice ee Curd 
(ee TN aa GAs Bo Mee dee BACs 2BOMOMDR Tel <Slowceneeae Curd 
BARON eas Boy each eee aha cea ace 354] 5,000,008 sen. o.' sic sence Curd 
pT Ts leper Bees cl seca Menc ota ame SHS OCOAOOORIE Ia... ls. na cane Curd 
Basu hoe oe SE Aen es 35-| 2eGO0TOsUnI etc oS een Curd 
BSG OR aa ae BARN at easy ees 35il| 1 O00 WOON alles. [sce eta Curd 


EXPERIMENT STATION BULLETINS. 565 


Table II 
Summary of Table I. 


: : | Average gelatin 
Number of | Average bacteria Average acid Tae NAS LE A 
samples. Score. | per ce. bacteria per cc. agate ppeieta 

71) 3 Ga ere a 100 11,000 3,500 1,650 

Fee WAAL Pes cee tes 95 23 ,000 6,200 2,400 

Gy EN an Ree 90 48 ,000 10,300 3,900 

eee ody Eeeis cit ek, < 85 78,600 18,900 34,800 

Pe are eM yassas td te Se 75 136 ,000 71,800 8,000 

Din cle edebopea gis c ioe « 65 802,000 456 , GOO 71,200 

Pirret aie eee rai oie coe 55 312,000 177 ,000 76,200 

Baa ree crgl re chee e ews 50 BAD OOO i So lear ary ies) ois tea BONO Teac Paw ae Ras ater aoe 
Spa Ne ane Se 45 AO OOO AS Pei aiore eae alee eee oe anche ous [a douagen ahecaeeYovataion diesv en ekotette 
OOO ORES OE 35 S4000 FOOD re oe eS PS Mey oe GS llleteietet tea fate ace el secere ous 


In a previous paper the following provisional classification was used to 
divide the samples of milk into classes depending upon the use to which they 
are now put in dairy practice. 

Table III 


‘Provisional Classification of Milk. 


Reading pH Score Milk suited for. 
BIRGIT eseveeg se rete os) 5.8 20 Condemning 
VIG UEES Aastra ay dealer ene. ahiestone 528 25 
REIOUESS Wiccan rcethcers woke 5.8 30 
AMOUTH AAs os aS ee 5.8 35 Skimming for butter making 
PR OUTS rater >< rs ao eks Sree 5.8 40 ‘s “$ i ss 
GEAGUIN ES Garcles cpus ens 5.8 45 ee “ s ss 
MMUOUES Retort ste eeaes eet 5.8 50 =. re ss a 
SHOUTS ee cee oecie 5.8 55 ss ss + ie 
SyHOurs soe ee sane 5.9 60 Condensing 
HOLES RN Sia eicesrere a cree 6.0 65 ‘ 
SAN OUTS el pede orcts orev ait oats 6.1 70 $8 
SUN OUEN Pr acest eer oe as 6.2 7% es 
Shouts ss 26:., a8) 2 ee est 6.3 80 Milk Plant supply 
SYNOUUS sees. clo oy ahecaree 6.4 85 Cheese Making 
SHGUTSS. 2 eens oe ee 6.5 90 < = 
SUNOUES saat Ces seyotiaeenoe 6.6 95 af a 
SMMOUTS ee ers oie eee 6.7 100 ‘ << 


This interpretation of results will probably have to be changed somewhat 
as more extensive data are obtained. The standard for milk intended for 
condensing for instance will probably have to be shifted closer to that of 
milk suitable for milk plant supply and cheese making. 

All of the samples tabulated in Table I were taken from the cans of farmers 
as the milk was delivered at the city milk plant. 

By weighing the samples scoring 75 or better on the previous test into a 
separate vat the milk of excellent keeping quality may be separated from the 
milk of poor keeping quality, the better grade of milk being used for market 
milk purposes and the poorer grade for skimming. This plan may be used 
as a basis for paying a bonus on the better grade of milk. To divide the 
samples into two grades it would be necessary to make but one pH reading 
for each sample at the end of eight hours. A weekly record sheet is shown 
as Table IV. 
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Table IV 


Weekly weighing sheet showing bonus system. 


Bonus No bonus 
Patron. 2/7 \ 278 2/9} 2/10 | 2/11 | 2/12: | 2/138 paid on paid on. 
Mir Jictirae oho orev 200 250 150 200 200 250 200 | 1,200 lbs. 200 Ibs. 
SCOTCH case 80 80 Shi OO Nee Wiles. SUS las Sor okie eee 
me N We Be Sieys 300 | 250 | 150 | 200} 200] 300 150 450 lbs. 1,100 Ibs. 
COLOR ieee eit 75 60 5 BS BO EES oleic e's ve eels e Slee eee | Gia teed te ene 
Are ANE Se als 100 150 200 150 200 150 200 500 Ibs 650 Ibs. 
SCOTEL Heats ccs ¥f T5 OG Sr Pe GO! ee cee oS SRS oleic ni le eave ere aS 


Note: All milk weighed in bold figures are grade B. and receive no bonus. Remainder receive 
bonus as grade A milk. 


This sheet is kept on the weighing floor and is a guide to the weigher in 
dumping milk. Milk is dumped into the Grade A or grade B tank depend- 
ing upon the score for the previous day. The laboratory man after making 
daily tests records score upon sheet and places a bracket around weights of 
samples of grade B milk. If samples are not taken daily the patrons milk 
will remain in the class of last test until a retest is made. 

By means of daily notification of the producer as to his score it is thought 
that his interest and cooperation might be secured and an increasing per- 
centage of the daily milk brought to a score above 75. 


MARKET MILK 


Under the heading Market Milk may be considered the milk which has 
been delivered to the city milk plant and prepared for the market. Samples 
for laboratory examination should be taken as the milk is delivered at the 
home. The milk coming under this heading may be further classified as 
raw milk, pasteurized milk, and special milk. 


Raw Market Milk. Raw market milk should be examined as to change 
in pH as soon as possible after the samples have been brought to the labor- 
atory. As rigid a standard for raw market milk may be imposed as is re- 
quired for the milk plant supply. If the milk is properly cooled as soon 
as received from the farm and is kept cool until delivered, the score by the 
pH method will be as high as when received. This is due to the fact that 
few of the bacteria will be able to develop in the cold milk and because some 
of the active organisms, if not actually killed by the exposure to low tem- 
peratures, have their growth inhibited to such an extent that the total activ- 
ity of the bacteria present, when the milk is returned to a growing temper- 
ature, may be less than before the cooling period. 


Pasteurized Milk. In examining pasteurized milk the ‘‘change in pH”’ 
method may be applied in the same way that it is applied in examining raw 
milk but the pasteurized sample should come up to a higher standard as 
a number of the active acid producing bacteria have been destroyed during 
the heating process. Efficiently pasteurized milk when stored at as low a 
temperature as 7°C. will remain in good condition for several days as judged 
by the pH test, but when held at a temperature of 21°C. it will be unfit for 
use in a short time. This is shown in Table V. 
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Table V 
Effect of holding Pasteurized milk at 7°C. and 21°C. 


‘pH 
) 
i=) 
= 8 ef in 
. 3 = , 3 ao 
oO ok b=) n n ui vi ra) “— oS ees 
5 aiieee ys | se Pe eae ee. | es) | eee 
5 S38 ES st) ae et ee ies Ss Se toe eect 
a MH Ao +H 1 Ne) bt re) M QA, Ba 1.0 
iM eercarena: heh oysvet'ay ov SRE tee Salo os cuit ag SEEM etic Nea) Leese | 6.6 | 6.6 } 95 8,000 2 13 
Ee Medage Piley. 52 sce aa Neko ore 6.6 | 6.4 | 85 10,000 10 10 
aoe; PEO "|| «\avelliene.cto cs 6.6 | 6.4 | 6.2 | 75 40 ,000 20 75 
DMD Is HS oitaios knetoreed Shanti cena |e 0s! ceure 6.5 | 6.4 | 6.3 | 80 250 ,000 50 0 
CHTOR al Goin ah a epee SESAME Se Sultere sve |lerecareke 45 | 15,000,000 95 P| 
PAN OR AOR GI NE Move ce'|ra eae o: tst Meee cet alllacosater's 30 | 41,000,000 95 0 
DP ea We doraieiey she Sitemiee lero eo ee crene [tee ese Gee [Ged IGG eS 30,000 40 3 
21°C aaye 9 6: Loe te lb aa at ite oh] | ee 40 | 24,000,000 90 1 


It will be noticed that the pasteurized samples kept at a low temperature 
may become objectionable due to a high percentage of liquefiers without 
the condition being detected by this method, but that spoilage due to high 
temperatures may be quickly detected. Work which is under way will 
show the value and limitations of this test when applied to pasteurized milk. 

Special milk. Under the heading special milk, may be considered milk 
which has been given special care in its production and handling; milk which 
has been modified as to chemical composition to suit the needs of infants 
and invalids; and milk which has been altered by removal of part of the 
water and addition of sugar for convenience in shipping and storage. 

The results of testing the special milks mentioned above are given in 


Table VI. 
Table VI 


Special grades of milk tested by pH method. 


pH c 
-| 68 
| | a i 
BBS 
ui - ae 2 
o [-b) mn mn n n ma Od 
2 Be 10 nes a pa cee es 
2 FS] iS) iS) 3S iS) a Reee 
5 5 a a} a r= S SES 
a mM 19D © bt (oa) ro) Aon 
GOB eeeens claret ates Certified |..... Gat, |\yG.72| G7 |p LOO 11,600 
JG2)13) ip oleic Certified Ss ic. G2 |\GG. aa Ghd e200 5,000 | Holstein 
ISIN one oer ole Geniitied alee ct 6.7 | 6.7 | 6.7 | 100 | 40,000 | Walker Gordon 
1 G\8) Hees ongiene Brat Modified |..... Genoa Ohitenl LOO 80,000 | Walker Gordon 
GOH apie ce cece: Skim 6.5 | 6.4 | 6.4 | 6.2 75 50,000 |} Walker Gordon 
i332) ae oe eee Cream 6.8 | 6.8 | 6.8 | 6.8 | 100 | 190,000 | Walker Gordon 
1153-0) oy aaa Pear ae Holstein G6: 6) 1) G26) 26) GalnGnD 90 20,000 | Walker Gordon 
GOB etn sce dtas s Condensed | 6.7 | 6.7 | 6.7 | 6.7 | 100 53,000 | Borden’s Eagle Brand 
WGGBrpae toe feats Condensed 626657 WiGee Glo 90 13,000 | Borden’s Leader Brand 
UGS Bee sys aid cose Baby Food | 7.0] 7.0 | 7.0 | 7.0 |} 100 1,500 | Mellin’s 


In this table the certified milk is seen to have a very good score. This is 
due to the special care which is exercised in its production and handling. 
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COMPARISON OF METHODS 


To determine to what extent the pH and the more common methods of 
testing milk might be used to predict its actual keeping quality when stored 
at room temperature, 115 samples were collected at a city milk plant as 
delivered by the farmer patrons and tested as follows: 

Keeping Quality. Milk was held at room temperature and tasted every 
two hours to detect the first appearance of souring. 

pH Test. Tests were made and samples given a score as described in 
an earlier part of this paper. 

Reductase test. Applied as described by Hastings (6). 

Bacteriological count. Made according to the Standard Methods of 
Bacteriological Analysis of Milk. A. P. H. A., 1919. 

The results of these tests are tabulated in Table VII. 


Table VII 


A comparison of the keeping quality of milk, pH score, reduction time and 
bacteriological count. 


Number. Time of Souring. DH Score. Reduction Time. Bact. ce 
CEOS Ge So ate here. 8 hours 35 15 minutes 4,000 ,000 
CARDING SE POR AE chat aat 8 hours 40 10 minutes 100 ,000 ,000 
Oa Le ine ere at tmny ARNOT aCe ia 12 hours 45 25 minutes 2,500,000 
ho hye ee Ses eer REE Os 12 hours 40 25 minutes 32,000 ,000 
Ai MCR ao Oe: 12 hours 45 30 minutes 50,000 ,000 
ie: EN ee ee ee 12 hours 45 25 minutes 8,000 ,000 
TAS eyes oi Oe aoe BREA 12 hours 45 215 minutes 1,400 ,000 
TAT OR Pay ae, Co 12 hours 45 210 minutes 800 , 000 
4 To CN SES he ie ee, 12 hours 45 150 minutes 600 ,000 
iar ats Oe. ay eamtaAe teh ere rel a 12 hours 45 130 minutes 800 ,000 
O20) SH A waar a em adee! allots hots 12 hours 45 150 minutes 5,000 ,000 
CABS Ra ees Go a a 12 hours 45 50 minutes 60,000 ,000 
Gate tD We eee A heres 12 hours 45 20 minutes 22,000 ,000 
WOLD crete ceaineens Sek 12 hours 45 150 minutes 12,000 ,000 
SORB it: Ge. ota Ses 18 hours 55 120 minutes 1,200,000 
18 hours 55 90 minutes 950 ,000 
18 hours 55 90 minutes 10,000 ,000 
18 hours 55 150 minutes 1,200,000 
18 hours 55 150 minutes 3,800,000 
18 hours 50 275 minutes 24 ,000 ,000 
18 hours 45 100 minutes 3,000 , 000 
18 hours 50 55 minutes 10,000,000 
18 hours 45 35 minutes 2,000,000 
18 hours 45 135 minutes 4,000 ,000 
18 hours 50 200 minutes 2,500,000 
18 hours 55 70 minutes 13 ,000 ,000 
20 hours 50 170 minutes 36,000 ,000 
20 hours 50 150 minutes 20,000 ,000 
20 hours 55 290 minutes 1,000,000 
20 hours 55 530 minutes 400 ,000 
20 hours 55 360 minutes 700,000 
20 hours 60 285 minutes 160,000 
20 hours 55 360 minutes 80,000 
20 hours 50 240 minutes 100 ,000 
20 hours 55 310 minutes 1,300,000 
20 hours 55 390 minutes 00 , 000 
20 hours 55 160 minutes 1,600,000 
20 hours 50 150 minutes 8,500 ,000 
20 hours 50 180 minutes 4,000 ,000 
20 hours 55 220 minutes 2,000 ,000 
20 hours 55 240 minutes 2,000,000 
20 hours 55 240 minutes 2,500,000 
22 hours 65 180 minutes 650 ,000 
22 hours 65 180 minutes 5,000 ,000 
22 hours 65 240 minutes 1,000 ,000 


a 


Table VII Con. 


Number. 
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Time of Souring. 


22 hours 
22 hours 
22 hours 
22 hours 
22 hours 
22 hours 
22 hours 
22 hours 
22 hours 


28 hours 
28 hours 
28 hours 
28 hours 
28 hours 
28 hours 
28 hours 
28 hours 
28 hours 
28 hours 
28 hours 
28 hours 
28 hours 
28 hours 
28 hours 


30 hours 
30 hours 
30 hours 
30 hours 
30 hours 


30 hours 


DH Score. 


Reduction Time. 
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420 minutes 
160 minutes 
265 minutes 
290 minutes 
360 minutes 
300 minutes 
325 minutes 
360 minutes 
310 minutes 
285 minutes 
410 minutes 
360 minutes 
460 minutes 


300 minutes 
530 minutes 
310 minutes 
355 minutes 
450 minutes 
450 minutes 
325 minutes 
425 minutes 
480 minutes 
300 minutes 
180 minutes 
330 minutes 


460 minutes 
420 minutes 
290 minutes 
290 minutes 
420 minutes 
445 minutes 
450 minutes 
450 minutes 
600 minutes 
600 minutes 
420 minutes 
390 minutes 


460 minutes 
500 minutes 
530 minutes 
540 minutes 
540 minutes 
450 minutes 
400 minutes 
390 minutes 
600 minutes 
300 minutes 
480 minutes 
495 minutes 
480 minutes 
480 minutes 
495 minutes 


470 minutes 
355 minutes 
500 minutes 
540 minutes 
450 minutes 
500 minutes 
540 minutes 
365 minutes 
540 minutes 
600 minutes 
660 minutes 
660 minutes 
600 minutes 
660 minutes 
420 minutes 
495 minutes 
660 minutes 
660 minutes 


300 ,000 
32,000 ,000 
500 ,000 
5,000 ,000 
100 ,000 
50,000 
100 ,000 
2,500,000 
10,000 
1,000,000 
200,000 


4,800,000 
300,000 
300,000 
260,000 
100 ,000 
80,000 
170,000 
1,000 ,000 
250,000 
75,000 
2,700,000 
5,000 


50,000 
160,000 
650,000 

1,000 ,000 
150,000 
320,000 
100,000 
400 , 000 

50,000 

7,000 
5,000 
5,000 


400 ,000 
16,000,000 


2,000,000 
60,000 

40 , 000 
440 ,000 
900,000 
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The average time of souring, pH score, reduction time, and bacterial count 
of samples appearing in Table VII is retabulated in Table VIII. The high 
bacterial counts of several samples with scores of 75 to 100 make it appear 
that the majority of these samples have much higher counts then is actually 
the case. One count of a sample of milk souring in 28 hours has been disre- 
garded because it raised the average of the samples in the group by over 
1,000,000. 


Table VIII 


The average time of souring, pH score, reduction time and bacterial count of 
samples appearing in Table VII. 


Time of Souring. pH Score. Reduction Time. Bact. per cc. No. of samples. 

SIMOUUS! ee sie epaee 37.5 12.5 52,000 ,000 2 
AQIMOUIS: F.5d a o's oe 45 98. 16,258,000 12 

AS OUTS oe cies stares 51 123. 6,304,000 12 

PO MMOUTS! oa elecwie cies 54 267. 5,075,000 16 

22, MOUTHS ee eia sn ae 62 306. 3,219,000 16 
PAVHOUIS? Seater 81 370. 920,000 12 
DG HOUSE. oto e eo ctn eee 95 436. 241,000 12 
PSINOUTS 2 Se oe cusses 93. 476. *100 ,000 15. 
SOWMOUTS so einereeeenls 98. 537. 310,000 18. 


*One sample with a count of 16,000,000 was ignored in making average. 

An examination of Table VII shows that all of the methods studied are 
satisfactory indicators of samples of milk with very good keeping quality 
or samples with very poor keeping quality. The real test of the various 
methods, however, is; which one will indicate the proper position of the 
samples just on the border line between the good and the bad? 

The writer with assistance from members of the department has selected 
24 hours as the time that milk should be expected to remain sweet after de- 
livery in the home and storage at room temperature, 70°F. The samples 
of milk souring in 22 hours, 24 hours, and 26 hours then, may be considered 
on the border line between good and bad milk. 

The correlation ratio* between the actual keeping quality of the samples 
of milk selected as above, and their pH score, reduction time and bacter- 
iological count is as follows: 


DHS CORSA se Os Bite a ic) anaes ai 
Reduehionaiane teeter Bases re ae 52 
Bacteriolosiesl count: <2 0s dens is oe cee ne — .25 


When used to place the samples of milk as to their keeping quality the 
reduction time is thus seen to be subjected to about 100 percent greater error 
~ than is the pH score. The bacteriological count is subject to about 300 per- 
cent greater error. 

Hastings and Davenport (7) in a recent comparison of the relative value 
_ of the methylen blue reduction test, the brom-thymol blue test and the brom- 
cresol purple test arrive at the following conclusions. 

‘In a comparison of the three tests, methylene blue reduction, brom- 
thymol blue, and brom-cresol purple for the determination of the keeping 
quality of milk, it is shown that the methylene blue reduction test is prefera- 
ble because of its greater sensitiveness to biological differences in milks; 


*See Elements of Statistical Methods—King. Introduction to Mathematical Statistics—West. 
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because it measures the number of bacteria rather than the by-products 
of their growth; and because of its simplicity and practicable advantages.’’ 

The brom-thymol blue test mentioned above can be compared in no way 
with the pH method of testing milk given in this and previous papers for 
the following reasons: 

(1) The milk-broth-indicator mixture is incubated for only 2 hours in- 
stead of the 8 hours necessary in our method. Changes in color which are 
aed as an index of the condition of the milk seldom develop before the third 

our. 

(2) The readings were not made by comparing unknowns with standards 
of known pH. 

As it was impossible to make microscopic examination of the samples of 
milk tabulated in Table VII at the time the other tests were made the data 
presented in Table VIII were collected to show the relation between the 
actual keeping quality of the milk and the microscopic determination of 
individual bacteria and groups of bacteria. 


Table VIII 


A comparison of the keeping quality of milk and the microscopic deter- 
mination of individual bacteria and groups of bacteria. 


Microscopic Method. 


Time of Souring Avg. No. of individ- Average number Number of samples. 
at 70cF. ual bacteria. of ‘‘groups’’. 

SHOUTS Hao See Ns ocre ste 77,000,000 18 ,000 ,000 3 
MOVMOUNS Et ae rers eee cra macies 60,000,000 5,000,000 5 
P2NOUTS. isos een Oates 8 19,000,000 4,900,000 2 
WASHOUIS ss nieve. oe arerskeraro cle 2,500,000 2,700,000 5 
WGnGuTEe ON: Ao sastoe 2,600,000 500 ,000 7 
US MOWERS) seas Sateicte vores 2 4,600,000 750,000 t 
DOIBOUES Sava tra erase Oe 20,500,000 1,700,000 8 
DA VOUT a ciaisvera's cravalersters’s 3,000 ,000 500 ,000 6 
DA HOMES! arco sierra 210,060 44,000 5 
AGO sce Meter S e 180,000 41,000 7 
2S iNOUTS'.. cccaeveeieccie a clevess 82,000 22,000 2 
SSOULIOLTS§, «: crsturey ainterens crenae 132,000 19,000 3 
DIPHOUTBE caver doateteva or erccevers 40 ,000 32,000 4 


The microscopic counts of the sixty-one samples tabulated above show 
considerable error if used to predict the keeping quality of the samples of 
milk which they represent. 


SUMMARY AND CONCLUSIONS 


The technique for determining the keeping quality of milk by the pH 
method is presented. 

Apparatus for simplifying the method which have been devised at this lab- 
oratory are described. 

In the past a number of investigators have come forward with new meth- 
ods for testing milk. The tendency has been to try to make new methods 
check as closely as possible with the bacterial count, and several good 
methods for the determination of keeping quality have been thrown into 
the discard because of their failure to check with the counts. The writer 
makes no claims that the pH method checks closely with the bacterial 
count, though results show that it does check in a general way. 
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The pH method checks very well with the actual keeping quality of the 


milk. 


A plan for grading milk and of paying a bonus to farmers furnishing milk 
with unusual keeping quality is presented. 

A comparison of the actual keeping quality of 115 samples of milk with 
results obtained by applying the reductase test, pH test, and bacterial count 
gives results very much in favor of the pH test. 


(1) 
(2) 
(3) 


(4) 
(5) 


(6) 
(7) 
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FOREWORD. 


This bulletin is one of a series bearing upon the diseases of celery. A re- 
port on the Septoria Leaf Spot has already been issued as Special Bulletin 
77. The present bulletin discusses a disease which, in general, is less serious 
than Septoria Leaf Spot, but which frequently causes serious losses. Pub- 
lications on at least two other celery diseases are contemplated in the near 
future. The work reported in this article is a result of investigations ex- 
tending over a period of several years by C. W. Bennett, who for part of this 
period was a graduate student at Michigan Agricultural College, and later 
an instructor in the Department of Botany. The work was suggested by 
Dr. G. H. Coons, and has been carried out under his direction. 


EK. A. BESSEY. 
Published April, 1922. 
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A PHOMA ROOT ROT OF CELERY%*. 
Technical Bulletin No. 53. 
Pb ciys BY C. W. BENNETT. 


INTRODUCTION. 


There are several million acres of muck lands in Michigan which consti - 
tute an appreciable percentage of the possible farming area of the State. 
Some of this is highly improved and forms some of the most valuable land 
to be found in any of the great agricultural sections of the country. This 
type of soil, on account of its high organic content and physical properties, 
is peculiarly adapted to the growing of truck crops. Celery, cabbage, let- 
tuce, and onions, in particular, are crops which thrive well and which yield 
good returns. The growing of these crops for the markets of Chicago, De- 
troit, and other large cities of the north central and middle west, constitutes 
an important part of Michigan agriculture. 

On account of the liberal returns per acre and the brisk market demand, 
celery has become a leading crop on muck land favorably situated in rela- 
tion to markets. The high organic content of muck soil is conducive to 
rapid vegetative growth which produces the very best quality in celery and 
also enables the grower to put his product on the market early in the season. 
In some areas two or three crops are grown on the same soil each year. In 
such cases the second and third crops are put in between rows Just before 
the preceding crop is placed in boards for bleaching. Thus, the land is in 
celery the entire growing season. Along with this intensive culture, the 
value of the crop has led to an almost complete absence of rotation in many 
of the chief celery growing districts. Not infrequently do we find fields 
which have grown celery continuously for a period of more than thirty years, 
the fertility of the soil not only being maintained but greatly improved by 
liberal application of manure. 

The absence of rotation, the interchange of plants, and the procuring of 
seed from a great many sources has resulted in the introduction of practi- 
cally every disease known to the celery plant. One of the most recent of 
these invaders is a Phoma disease, which, in Michigan, was first discovered 
at Kalamazoo in the spring of 1914 by Dr. G. H. Coons of the Michigan 
Agricultural College (2). The disease, since its introduction has not spread 
rapidly in epidemic form, but in several cases it has been very destructive 
on small acreages. These destructive outbreaks have seemed serious enough 
to warrant a systematic study of the disease with a view to adding some- 
thing to the knowledge of its relation to weather and soil conditions and to 
our methods of coping with the problem which this disease presents to cel- 
ery growers. 

*Presented to the Faculty of the Graduate Schocl of the Michigan Agricultural College as a thesis 
in partial fulfillment of the requirements for the degree of Master of Science. 

The writer wishes to acknowledge his indebtedness to Dr. KE. A. Bessey and to Dr. G. H. Coons of 


the Department of Botany for valuable aid and suggestions during the course of this work as well as 
for aid in the preparation of the manuscript. 
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NAME OF THE DISEASE. 


This disease, like many others, is known by a number of common names. 
In Germany it is called ‘‘Schorfkrankheit’’ and the name ‘‘Scab’’ has been 
applied in this country. ‘‘Root Rot’’ is a term which is commonly used but 
sometimes confused with rot due to Sclerotinia and other causes. In choos- 
ing a common name for a disease one should be selected which will not be 
confused with other troubles and one which is as descriptive as the nature 
of the signs permits. The diseased area is not typically scabby, but simply 
composed of dead tissue. Since this is true, the term ‘‘Scab’’ seems inap- 
propriate for the trouble as it occurs in America; on turnip rooted celery 
the term may be more descriptive. The roots constitute one of the chief 
points of attack and it seems that no term is more fitting than Root Rot. 
To avoid confusion with other Root Rots of celery we suggest that the dis- 
ease be called Phoma Root Rot, the causal organism being, as will be shown 
later, a species of Phoma. 


HIstory AND DISTRIBUTION. 


There is considerable difficulty in determining the approximate time at 
which Phoma Root Rot first made its appearance as a disease of celery, and 
in tracing the history of the trouble. While the same disease has been de- 
scribed by certain European investigators on celeriac in Germany, Holland 
and France, little has been reported regarding its occurrence in this country. 
It is hardly probable that this is due to a recent introduction of the patho- 
gen, or to a limited distribution of the disease. Numerous references in 
literature to root rots of celery, all presenting much the same pathological 
aspects, make it more plausible to believe that the disease has been present 
in certain celery districts for a number of years, and that it is generally dis- 
tributed through the celery growing districts of the east and east central 
parts of the United States. Working as it does beneath the surface of the 
soil, the true cause of the disease has probably escaped observers because 
of its rather obscure nature and because of confusion with other diseases. 

Aside from a Phyllosticta leaf spot, reported by Halsted (4), no descrip- 
tion of anything similar to this disease seems to have been made until Van 
Hook (7) discovered and described a root rot of celery from the celery dis- 
tricts of Ohio. He did not identify the organism causing the trouble, but 
mentioned having found a species of Rhizoctonia in the diseased tissue. 
He states, however, that he does not believe that Rhizoctonia alone was 
responsible for the disease. Nor can the writer believe that any species 
of Rhizoctonia had a part other than as a secondary organism coming in 
after the disease had been initiated by another fungus. In the writer’s 
work with diseased plants, Rhizoctonia has quite frequently been associated 
with diseased conditions. Inoculations from several typical Rhizoctonia 
isolations from celery, and with Rhizoctonia solani and a Rhizoctonia from 
milkweed have given no results which would indicate that any of these forms 
are markedly pathogenic to celery. Van Hook made inoculations with 
isolations of Rhizoctonia which he found associated with celery root rot, 
but was unable to obtain infection. Small celery plants, of course, are 
sometimes attacked by Rhizoctonia as reported by Peltier* and others, but 
there is at present no conclusive evidence that any species of this genus 
causes any serious disease of plants which have passed the seedling stage. 


* Peltier, GE. Parasitic Rhizoctonias in America. Ill. Agr. Exp. Sta. Bul. 189. 1916. 
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Van Hook’s descriptions, his photographs of diseased plants, and the en- 
vironmental conditions under which the disease became destructive, fur- 
nish evidence conclusive enough to justify the assumption that he was 
dealing with the Phoma Root Rot which has been reported from the celery 
growing regions of Michigan and New York. 

In 1914, Coors (2) discovered Phoma Root Rot in the celery fields at Kal- 
amazoo and in 1916 at Byron Center, Michigan, where the disease had been 
seen by growers for several years. The following seasons the disease was 
again found in fields at these places, and it has been present, causing more or 
less loss, each season since it was first noted. In 1918 the author observed 
cases of the disease at North Muskegon and Portage, Michigan. 

Dye and Whetzel} in 1918 reported the disease as present in New York 
State. Again in 1919f Phoma Root Rot was reported from the celery dis- 
tricts of Ohio, where it seems the disease is more or less prevalent, depending 
on weather and soil conditions. As yet, no mention of the disease has been 
made from the southern celery growing sections or from the Pacific Coast. 

Outside of the United States, our knowledge of the disease is restricted to 
the northwestern part of Europe. Klebahn (5) described Phoma Root Rot 
on celeriac grown in Hamburg lowlands. It seems to have a general distri- 
bution over Holland and southern Germany, where it has caused serious 
loss to the growers of turnip-rooted celery. Quanjer and Slagter (6) de- 
scribed the disease from Holland and state that it is generally distributed 
in that country. 


Economic IMPORTANCE. 


The sporadic occurrence of this disease makes it impossible to give even 
an approximate estimate of annual loss. The seriousness of the attack 
after infection depends almost entirely on environmental conditions. In 
cool, wet seasons, the loss may reach 100 per cent in an infested district; 
under other conditions, the loss may be negligible. 

The disease in America has never béen so serious as in Europe. Klebahn 
(5) and Quanjer and Slagter (5) report considerable damage to celeriac oc- 
curring at more frequent intervals than has been noted in America. Many 
plants are rotted off at the base, while the damage done by stunting and 
pruning away of the outer leaves, calls for serious consideration, reducing 
as it does the market value of stalks so greatly. 

Several rather severe outbreaks of this disease have been recorded in Amer- 
ica in certain localities. Van Hook reports that in the celery districts of 
Ohio in 1902 one grower suffered a loss of 75 per cent of his crop; minor 
losses were reported from other sections. At Kalamazoo, Michigan, in 
1914, and again in 1915§ the first crop on an area of three acres was a com- 
plete loss. At Kalamazoo and Byron Center, Coons (3) states that the 
disease was very severe in the spring of 1917. In the past three seasons the 
disease has been present in a number of celery fields which have been in- 
spected, but diseased plants have shown nothing more than black rings 
around the base. These seasons have been rather dry and warm in the 
early part of the summer; this no doubt accounts for the scarcity of the dis- 
ease during these years. Where the disease producing organism is known 
to be present, growers should expect to encounter loss in cool, wet seasons 
if due precautions for protection are not taken. 

+ Verbal statement to Dr. G. H. Coons. 

t Plant Disease Bulletin, Supplement 3, p. 108, 1919. ‘‘Scab, caused by Phoma apiicola Speg. 


(sic) was recorded on celery from Ohio.’’ 
§ Verbal report to the author. 
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Hosvts. 


So far as the writer has been able to discover by a careful survey of the 
literature on the subject, this disease has been reported only on celery and 
celeriac (Apium graveolens L.). Other Phomas have been reported on species 
of the Umbelliferae, but in many cases the available descriptions are too 
meager to admit of satisfactory comparison with the one on celery. It is, 
of course, entirely possible that this organism may have been reported on 
other species of plants. The genus, Phoma embraces so many little-known 
forms, with present descriptions so inadequate, that, until a more compre- 
hensive study of the genus is made, it will be impossible to determine the 
validity and host range of many of the parasitic species. 

Inoculation experiments leave no doubt as to the ability of the fungus to 
attack plants other than celery. Its potentialities along this line have been 
tested by inoculation of a number of species of the Umbelliferae family with 
pure cultures of the causal organism. 

Plants, nearly related to celery and of economic importance, were inocu- 
lated with pure cultures of the pathogen, under conditions very favorable 
to the production of the disease on celery. Inoculation of carrot (Daucus 
carota) produced black, sunken spots on the roots and a killing of the outer 
ees Pyenidia were found scattered over the diseased parts. (Pl. IV. 
Fug. a). i 

Parsnip (Pastinaca sativa), while it is by no means immune, seems to be 
less susceptible than carrot. The region of invasion was largely confined 
to the upper part of the root and to the base of the leaf stalks. The diseased 
parts were typically dark brown or black. On the root the epidermis was 
broken and the underlying tissue invaded, which resulted in a ‘‘cankered’’ 
area. Invasion was very slow and the damage slight, except as the diseased 
spots disfigured the roots. (Pl. IV. Figs. b and d). 

Under greenhouse conditions Moss-Curled parsley (Carum petroselinum) 
and celery seem to be equally susceptible to attack of the fungus. Young 
plants were killed by being rotted off at the base and older plants were sev- 
erly attacked, showing signs similar to those on celery. Plate IV, Fig. c. 
shows a typical plant of a series of inoculations. The black crown is char- 
acteristic. Pyenidia of the pathogen were produced upon all diseased parts. 
Although it has not been reported, it would not be surprising to find this 
disease doing damage to parsley under field conditions, particularly in truck- 
ing and seed-producing districts where celery and parsley are grown exten- 
sively, with little or no rotation with other crops. 

The attacks of the fungus on caraway (Carum carvi) were very weak. A 
few leaves were killed by basal invasion but the region of attack is usually 
limited. Poison hemlock, (Coniwm maculatuwm) and dill (Anethum graveolens) 
have failed to show any lesions in spite of heavy inoculation with mycelium 
and spores. 


SIGNS OF THE DISEASE. 


GENERAL, 


Cases of mild infection are often impossible to detect on celery, unless 
_ the plants are removed from the soil and examined for dark discolorations. 
Above ground, the first indication of this disease is the dying of a few outer 
leaves. Often one or two withered leaves lying on the ground, but still 
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attached to the plant, betray the presence of the disease, while the remainder 
of the plant has all the appearance of a normal, undiseased individual. As 
invasion progresses, more leaves may die and fall to the ground. The plant 
takes on a general unthrifty appearance and, quite often, remains stunted 
throughout its period of growth. In the case of severe attacks, plants top- 
ple over, so completely are the crowns and roots destroyed. 


ON LEAVES. 


Under Michigan conditions, natural infection of the leaves has not been 
noted, and if it does take place it is probably of rare occurrence. Wherever 
the disease has appeared in America, it seems to have been restricted to 
underground parts. In literature and references pertaining to celery dis- 
eases, there are only two citations of an occurrence of an organism of a Phoma 
or Phyllosticta type on leaves of celery. Halsted (4) described a Phyllos- 
ticta on celery leaves, which closely resembles the organism causing Phoma 
Root Rot, and which preduced a leaf-spot such as can be produced by inoc- 
ulation, under the proper environmental conditions, with the root rot organ- 
ism. 

In Holland, Klebahn (5) found the disease on celeriac leaves and on the 
flowering parts, and also discovered pycnidia of the pathogen on the seeds. 

Given the proper conditions, the fungus is capable of attacking the leaves. 
Spraying with spores outside and in the greenhouse has not resulted in leaf 
infection. Only a small amount of infection has been produced by spraying 
the plants with a spore suspension and placing them under battery jars. 
Much more uniform infection has been obtained by first germinating the 
spores, then placing them on the leaves under small bits of wet cotton. On 
leaves inoculated in this manner, signs of the disease began to appear after 
two days. The results of infection may be of several kinds, depending on 
conditions. If there is not too great a quantity of moisture present there is 
first produced a light colored spot which later turns into an irregular red 
blotch. Given more moisture, the fungus, possibly by the aid of other 
organisms, produces soft, water-soaked areas, which are often studded with 
pycnidia. In the first type of spot, fruiting bodies begin to be formed in 
the mesophyll of the leaf, but seldom reach maturity unless the leaves are 
subjected to exceptionally moist conditions. The progress of the disease 
has been slow under all conditions maintained, and individual spots cease 
to spread when the plant is taken out of a moist ‘atmosphere, and more or 
less normal relations restored. Leaves that have been killed by invasion 
at the base, often show pycnidia on the petioles and blades, after remaining 
on damp soil for a time, which indicates that the fungus is not selective as 
to the part of the plant attacked, but is governed chiefly by environmental 
factors. 

Inoculation experiments, and observations on the disease in the field, es- 
tablish clearly that climatic relations in Michigan are not favorable to the 
development of the leaf-spot phase. In no place, either in America or Eu- 
rope, has leaf infection been reported as common. ‘The pathological signifi- 
cance lies in the bearing which leaf and flower infection may have on the dis- 
semination of the disease producing fungus. 
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_ ON CROWN AND ROOTS OF PLANTS. 


The chief loss to the celery crop from this disease comes from attacks on 
the roots and crown of the celery plant. In the incipient stages of the dis- 
ease, there is usually a bluish-green discoloration of diseased parts; which, 
as invasion continues, gives rise to a black, scurfy surface. A bluish-green 
border, more marked on the leaf stalks than on any other part, is usually 
found around these blackened areas. The fungus may confine its ravages 
to the outer part of the crown and produce a black ring of diseased tissue. 
This kind of an attack, by killing the epidermal and neighboring cells, often 
leads to large cracks in the crown and bases of the leaf petiole, as the plant 
continues to grow and expand from within. The course of the disease after 
infection depends entirely on environmental conditions. The plant may 
attain normal size and reach maturity, with only a black ring around the 
crown to indicate the presence of the disease. In other cases, the plant may 
rot off at the crown or the roots may be attacked and destroyed, leaving the 
plant to fall over, or to maintain itself by means of new roots which may be 
shot out from the diseased base. Plants of this latter class are usually stunted 
and are easily pulled out of the soil. They exhibit a black, ragged, cone- 
shaped butt which is invariably studded with black fruiting bodies of the 
pathogen. 

In some cases, when the plants are deeply set, the attack may be confined 
to the leaf stalks in the region where they come in contact with the first 
inch or two of surface soil. In such instances, a killing of the outer leaves 
usually occurs. In most cases, the disease spreads to the crown and roots 
where the work of destruction is continued. 

Root attacks are most severe in close proximity to the crown. There is 
rarely a general attack on the entire root system. Typically, infection takes 
place at some point near the base of the leaves, and spreads down and around 
the basal portion of the plant, involving the roots as it progresses. Those 
roots which are near the surface are more subject to attacks along their 
entire length than are those which extend down deep in to the soil. The 
disease on the roots is characterized by a brownish discoloration. The 
black surface, so typical of the disease on other parts of the plant, is also 
noted on the larger roots; small roots usually disintegrate before this color 
appears. 


EXrro.oey. 


MORPHOLOGY OF THE CASUAL ORGANISM. 
Mycelium 


Within the tissue of the host plant, the mycelium is composed of septate 
threads, sparingly branched, and comparatively small; averaging between 
3-4 microns in diameter. In young hyphae, cross walls are rare and the 
threads are very uniform throughout. With age, the hyphae sometimes 
increase in diameter, and the cells may bulge slightly as the cell walls thicken, 
and as the septa become more numerous. Very young hyphae are hyaline 
and the cell contents finely granular; older threads are vacuolate and often 
densely granular within. 

In pure culture, the organism is subject to great variation in size of threads 
in thickness and color of cell walls, and in structure of cell contents. New 
hyphae vary from 2-4 microns in diameter. These become very closely 
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septate, and the cells bulge and increase in size, until they are large spherical 
bodies, 20 or more microns in thickness. The cell walls are rather thick 
and have a dark-brown color. When the mycelium comes in contact with 
glass, it forms a black mass of thich walled cel!s which closely adheres to the 
smooth surface; in liquid cultures it forms a black ring immediately above 
the surface of the culture medium. Old cultures, on favorable media, form 
black compact masses of densely interwoven threads approaching a pseudo- 
parenchymatous tissue. On dextrose agar, sclerotium-like bodies, several 
millimeters in diameter, are sometimes produced in the mass and near the 
surface of mycelial growth. These very much resemble sclerotia of the 
genus Sclerotinia. Sectioning, however, reveals the same context through- 
out; the entire structure is composed of dark brown cells closely compacted 
and cemented together. Klebahn, in addition to finding these bodies in 
pure culture, has noted them on diseased plants. 


Pycnidia 


Pyenidia are produced singly, either scattered or clustered on the surface 
of the host. Mycelial development around the pyenidium is sparce; nothing 
approaching a stroma has been observed. Young pycnidia are hyaline; 
older ones vary from brown to black. A few pyenidia are more or less spheri- 
cal, but more commonly they are considerably depressed; all are very sym- 
metrical. In size they measure &0-1C0 x 1CQ-250 microns. The pycnidia 
walls vary in thickness from 6 to 8 microns. The neck is cylindrical or ex- 
panded at the base and top. Pyenidia usually originate immediately below 
the epidermis; as they increase in size, they may push outward, until, at 
maturity, they are firmly seated on the surface with only the base imbedded in 
the host tissue; or they may remain imbedded in the host tissue with only 
the neck exposed. 

The pyenidium has its beginning in a tangled weft of hyphae which rounds 
out into a globose fruiting body. The first part to darken is the neck of the 
ostiole which is conspicuous as a black ring, even before any part of the 
pyenidium becomes superficial. The remainder of the pycnidial wall is 
hyaline until after the spores are formed. Then there is a deposition of 
brown coloring matter in the outer layer of cells which produces the dark 
colored pyenidium. The greater part of the black outer portion of the pyenid- 
ial wall consists of a layer of large, rather thick walled cells. This is rarely 
more than one cell in thickness. Near the base of the ostiole, the wall be- 
gins to increase in thickness, until the wall of the neck itself is two to three 
cells thick. To this greater number of thick walled cells, is partly due the 
darker color of the pyenidial neck. Within, covering the internal surface 
and extending well up into the neck of the pycnidium, is a layer of thin- 
walled cells filled with dense masses of protoplasm. These give rise to min- 
ute conidiophores which, in turn, give rise to spores by constriction and for- 
mation of cross walls near their tips. 


Spores 


Spores of Phoma apiicola are small rod-shaped, thin-walled, hyaline bodies, 
measuring 3-3.8 x 1-1.6 microns. Staining discloses the presence of vacuoles 
which are surrounded by cytoplasm having a finely granular structure. 
The size of spores on the host plants does not vary to any considerable de- 
gree. This uniformity apparently holds true with the organism very gen- 
cay as the following table of measurements by different investigators will 
show. 
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SPORE AND PYCNIDIUM MEASUREMENT. 


Spore Pycnidium 
Klebahn 3-4 x 1.2—1.8 microns 90-240 microns 
Quanjer and Slagter 4x 1.5 microns 98-210 microns 
Author 3-3.8 x 1-1.6 microns 80-100 x 100-250 microns 


The pycnidia, as shown by the above table, are subject to great variation 
in size. Quanjer and Slagter (6) found that spores produced in pure culture 
were smaller than those on the host, a thing which has not been noted in 
any culture used in this work. 


PROOF OF PATHOGENICITY. 


The organism causing ‘‘Scab’’ of celeriac was isolated by Klebahn (5) 
and its pathogenicity proved by inoculation experiments. Coons (2) iso-- 
lated a Phoma from diseased celery plants and proved its causal relationship 
to Root Rot. Regarding this organism he says: ‘‘This fungus was ob- 
tained in pure culture and typical lesions were obtained in inoculation ex- 
periments. The etiological relation of the Phoma thus obtained has been’ 
fully established.’’ 

The author has obtained a Phoma from celery from a number of sources. 
Single spore isolations have been made from diseased plants from Kalamazoo, 
Portage, and North Muskegon, as well as from a number of diseased plants | 
which were found in the greenhouse at the Michigan Agricultural College. 
Inoculations with these cultures have given characteristically diseased plants ‘ 
in a large percentage of cases. The organism has been reisolated from celery, © 
parsnip, and parsley and the identity of the different cultures proved by com- 
parison of cultural characteristics and by inoculation followed by typical 
signs of disease. Repeated inoculations and isolations leave no doubt as to 
the pathogenicity of the organism and its causal relationship to the disease. 


NAME OF ORGANISM. 


European writers have been unanimous in ascribing the cause of ‘‘Scab’’ 
of celeriac to Phoma apiicola Kleb. A culture of this organism was obtained 
from Dr. Johanna Westerdijk of the Centralstelle fiir Pilzkulturen, Amster- 
dam, by Dr. G. H. Coons who compared this culture with the Phoma which 
he isolated from celery. As a result of this comparison he states that, ‘“The 
fungus (the one isolated in Michigan) in culture and pathological habit 
greatly resembles Phoma apiicola described by Klebahn as producing the 
‘Seab’ of Celeriac.’’ 

The author has further compared this European culture with the ones - 
which have been isolated in Michigan in an effort to find morphological or 
physiological differences. In the earlier work it was found that the Huropean 
culture produced distinctly lighter colored mycelium. Later it was found » 
that Michigan strains grown on artificial media lost color so that the cultures 
from the two different sources could not be separated on the basis of any 
color difference. Pycnidial and spore differences have not been found, and 
-each strain has exactly the same host range, both attacking celery, celeriac, 
parsnip, carrot, parsley and caraway. Thus, the European fungus which 
causes ‘‘Scab’’ of celeriac seems to be identical with the Michigan Root Rot 
organism. 
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RELATION OF PARASITE TO Host. 


METHOD OF INFECTION. 


The factors involved in the physiology of parasitism have been baffling 
problems which investigators have attacked with varying degrees of success 
every since the study of plant diseases attracted scientific research. Much 
of the work done has hinged around the method by which the parasite en- 
ters the host and around relations of the pathogen to the internal tissues of 
the host. It is to be hoped that a thorough knowledge of these phases will 
aid in the discovery of at least some of the fundamental factors which con- 
stitute the difference between parasites and saprophytes. Aside from the 
scientific value connected with this kind of investigation, there is often con- 
siderable practical significance attached to the method of host penetration 
and invasion. 

Parasites employ a number of different methods in entering host tissue. 
Germ tubes may enter through stomata, as Gregory* has shown for Plas- 
mopora viticola, and as Pool and McKay? have shown for Cercospora beticola. 
Other natural openings are often very important. Wounds break down the 
plant’s defensive equipment and, with many parasites, are the path of in- 
vasion. Still other organisms enter by boring directly through the epider- 
mal cell walls. In the case of the Botrytis of lily, Ward{ very early believed 
. that the fungus gained entrance by dissolving the cell walls by means of a 
‘ferment substance’’, an observation which has been confirmed repeatedly 
and which has been found to be true for a great number of other plant path- 
ogens. 

Whether or not all organisms which penetrate cell walls employ some kind 
of dissolving substance as they come in contact with the host, is not definite- 
ly known. It is possible that the substances are not necessary for all para- 
sites, Hawkins and Harvey§ think that in Pythium de Baryanum they 
have an organism capable of exerting enough mechanical pressure to enable 
the threads to push their way through the cell wall. 

With a view to determining the relation of the Phoma Root Rot organism 
to its host in the early stages of infection, a number of inoculations and mi- 
croscopic studies have been conducted. Virulent strains of this parasite 
uniformly give infection regardless of whether spores or mycelium are used 
as the inoculum, but on account of the greater uniformity of time required 
for penetration spores have been used for studying methods of infection. 

Leaf and petiole inoculations have been made to avoid the difficulty of 
making observations on crowns and roots. The spores were first germinated 
in water, then bits of filter paper were soaked in this spore suspension and 
placed on the plant under flecks of wet cotton. The spots inoculated were 
examined at different times by stripping off pieces of epidermis, or by placing 
bits of leaves under the microscope. In this way, it was possible to study 
relation of host and parasite under high power without resorting to stains. 

Forty-eight hours after inoculation the germ tubes were found to have 
entered the host. The method of entrance was a direct penetration of the 
epidermal cell walls by the fungus hyphae. The threads pass into the cell 


ahs ee eh C. T. Spore germination and infection with Plasmopora viticola. Phytopath. 2:235- 

1912. 

t+ Pool. Venus W. and M. B. McKay. Fra of stomatal movement to infection by Cercospora 
beticola. Jour. Agr. Res. 5:1011-1038. 

t Ward, Marshall, ot, A lily disease. hee Bot. 2:319-382. 1888. 

§ Hawkins, Lon H. and R. B. Harvey. Physiological Study of the Parasitism of Pythium de 
Baryanum Hesse on the potato tuber. Jour. Agr. Res. 18:275-298. 1919. 
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lumen and penetrate other cell walls as they are encountered. No cases of 
penetration between cells, by wedging apart of cell walls or by dissolving the 
cementing substances were discovered. A few cases of stomatal entrance 
were noted but these were not numerous enough to denote any special at- 
traction on the part of the stomata for the fungus. Those tubes which en- 
tered in this manner probably did so by chance rather than as an easy method 
of gaining entrance to the host tissue. As the fungus normally attacks the 
underground parts where stomata are scarce or lacking, it is obvious that 
methods of entrance must be confined to other natural openings, to wounds, 
or to direct penetration. ‘These observations establish the fact that the fun- 
gus is capable of making its own openings in the leaf-blade and petiole. The 
same is doubtless true in the case of roots and crown. 

With young plants, 100 per cent infection is quite frequently obtained; 
older plants, when inoculated, often fail to take the disease. This obser- 
vation has been made repeatedly with greenhouse plants. Young seedlings 
are subject to rapid infection. As the plants increase in age, indications of 
extreme susceptibility become less marked, though age by no means renders 
them immune. Full grown plants can be made to take the disease under 
certain conditions. As the plants become older the tissues become tougher 
and no doubt offer more resistance to invasions of this fungus. Breaks in 
the epidermis under these conditions would offer opportunity for the patho- 
gen to gain a foothold. 

To determine the effect which wounding would have on the percentage 
of infection in the case of older individuals, 50 plants were selected and 
wounded in the region of the crown by scratching into the tissue with a 
sharp needle. Bits of mycelium were placed in direct contact with these 
breaks in the epidermis. At the same time, an equal number of checks was 
inoculated by placing mycelium in contact with unbroken tissue. The 
plants were kept under conditions favorable for the progress of the disease. 
At the end of two months, 48 of the 50 wounded plants had developed black 
rings around the crowns, and a large number of roots had been lost. Of 
the check plants, 32 of the total 50 showed typical signs of the disease, but 
the invasions were more restricted and much less serious in their effect on 
the normal functioning of the host plants. 

Under average conditions in the field, wounds due to insect bites, fungus 
invasion, mechanical injuries, etc., are common. Such injuries in all proba- 
_bility are an aid in admitting the root rot fungus, but by far the greater percent- 
age of infection probably takes place through the unbroken epidermis. Es- 
pecially is this true in the case of young plants which may suffer a high per- 
centage of infections. Older plants which offer more resistance to invas- 
ions are no doubt less susceptible when they present an unbroken surface. 


PATHOLOGICAL HISTOLOGY. 


Previous investigation by Klebahn (5) has shown that the Phoma Root 
Rot organism grows both intercellularly and intracellularly. This point 
was confirmed early in the course of the present work, and an attempt was 
made to determine something of the effect of the pathogen on the individ- 
ual host cells. Liquid cultures in which the fungus had grown, extracts 
from mycelium, and alcoholic precipitates from both of these types of sub- 
stances have produced no perceptible effect on raw sterile celery when pieces 
were immersed in such solutions. It was found that enzymes which will 
dissolve cellulose or pectin and allow the fungus to make progress between 


r 
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or through cells or which would cause a falling apart of the cells of celery 
tissue through dissolution of the middle lamella, if produced by the fungus, 
are at least not present in sufficient quantities to show noticeable results in 
experiments of this kind. Sections of diseased plants show the hyphae 
ramifying through all parts of the tissue, forming a perfect network of threads 
through the cell walls and protoplasm. Apparently hyphae are capable of 
penetrating cell walls at any point at which they come in contact and of 
running through cell walls, protoplasm or intercellular spaces as these are 
encountered. Hyphae have been found in all the various tissues of the cel- 
ery plant. In the later stages of disease, mycelium sometimes even produces 
extensive growth in the vascular system. Neither stained nor unstained 
sections reveal injury preceding invasion as is noted with many rot produc- 
ing organisms. Even after penetration the cell is not immediately destroyed; 
many invaded cells, but for the presence of mycelium, could not be dis- 
tinguished from cells of normal unattacked tissue. The first indication of 
change in the invaded cells comes about through a disintegration of pro- 
toplasm, followed by production of brown coloring matter in the cell walls 
preceding a general break down and collapse of diseased tissue. Many soil 
organisms no doubt come in at this point and continue the work of destruc- 
tion. It is to these latter organisms that we attribute the true rotting found 
in diseased plants as the primal organism concerned, while effective in kill- 
ing tissue, is incapable of producing a typical rot such as is usually encounter- 
ed in diseased specimens which are found in the field. 


PHYSIOLOGICAL RELATIONS. 


CULTURAL CHARACTERISTICS. 


The fungus grows readily on all of the common laboratory media and on 
many other media which have been prepared and used in cultural studies. 
It is easily isolated by the dilution method when pycnidia are present. Single 
spore colonies appear as thin feathery growths, so characteristic of many 
of the Fungi Imperfecti. The colonies are at first white; after four to eight 
days, on certain media, the superficial growth is bluish or bluish-green. 
The submerged threads are hyaline to black. Acidity, high temperature, 
and carbohydrates seem to favor color production in the mycelium. Pro- 
teins, low temperature, and alkalinity tend to cause little color production. 
A protein medium also tends to cause permanent loss of potentialities for 
color production, and for pycnidium production, as well as loss of virulence. 
Pycnidium production is sparse on all media solidified with agar and on sterile 
vegetables, with the exception of celery plugs. Ten to twenty days are 
required for pycnidia to develop. Characteristics of growth on different 
media are given briefly in a tabular form in the following outline. 
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TABLE I.—CHARACTERISTICS ON DIFFERENT MEDIA. 


Medium 


Standard nutrient agar 


Dextrose agar 


Celery agar 


Corn meal agar. 


Oat meal agar. 


Prune juice agar. 


Potato plugs. 


Carrot plugs. 


Celery plugs. 


Beans. 


Rice. 


Corn. 


Coons’ synthetic. 
(on filter paper) 


Richards’ solution. 


Vegetative Growth 


Growth good, largely superficial, slight 
mouse colored tinge. 


Growth abundant, fluffy, largely super- 
ficial; tough masses of dark mycelium 
formed over surface with black scle- 
rotial-like bodies formed in the sur- 
face mycelium. 


Growth good, considerable submerged 
mycelium; aerial mycelium slightly 
tinged with blue. 


Considerable growth below the surface 
of the substrate; aerial mycelium 
very faint blue. 


Mycelium abundant, sometimes filling 
entire slant in test-tube; black masses 
of mycelium formed at the edges of 
cultures. 


Growth moderate, largely aerial, fluffy, 
white. 


Mycelium abundant, compact, white, 
old cultures form tough black mats 


Very much the same as with potato 
plugs; mycelium not so compact and 
slightly bluish. 


Growth moderate, fluffy and white at 
first, later turns blue. 


Mycelium very abundant, white or 
slightly tinged with blue. 


Color of rice changed from white to or- 
ange color; mycelium varying from 
light blue to black; growth abundant. 


Growth moderate, color mycelial mass 
light blue. 


Mycelial growth sparse; at first white. 
later turning dark. 


At first submerged coming to the sur- 
face very dense masses formed; color 
varying from white to black. 


Fruiting 


Few pycnidia. 


Pyenidia scarce. 


Pyenidia scarce. 


Pyenidia sometimes 
numerous in old cul- 
tures. 


Pyenidia have ‘been 
found in old cul- 
tures. 


No pycnidia were 
found. 


Fruiting not abund- , 
ant. 


Few pycnidia. 


Pyenidia found in ° 
great numbers, seat- ' 
ed on the surface 
and visible to the 
unaided eye. 


No pycnidia observ- 
ed. 


Pyenidia produced 
in old cultures. 


Pyenidia produced 
in old cultures. ; 


Pyenidia very a- 
bundant on both 
sides of filter paper 
cone. 


No pyenidia 
observed. 
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TEMPERATURE RELATIONS. 
Vegetatiwe Growth— 


The seasons of the year, spring and fall, in which this disease is prevalent, 
suggest a sharp susceptibility on the part of the fungus to high temperatures. 
This is forcefully brought to one’s attention when he attempts to isolate the 
organism during a hot period, or attempts to grow it in pure culture at a 
temperature higher than 27°C. During the summer months it has invari- 
ably refused to grow in the laboratory, a fact which has previously been 
noted by Coons (2). Nearly all the cultural work at such times has been 
done in a basement where the temperature ranged around 21°C. Where 
more rapid growth was desired an ice box has been used. This gave a tem- 
perature of about 16°C. which is very favorable for vegetative growth. 

In the more exact temperature studies with the fungus, a differential ther- 
mostat, modeled after that of Ganong’s, was employed. At one end of this 
thermostat there was a cubical container which was filled with ice, and at 
the opposite end, there was a compartment for water which was heated with 
an electrical immersion heater. A set of chambers made of galvanized sheet 
iron connected the two compartments. Between the boiling water at one 
end, and the ice at the other, there were nine compartments, separated by 
cardboard partitions. A glass covering was provided to admit light. This 
gave a range of temperatures which was fairly constant in the middle com- 
partments, but which was somewhat variable near the two extremes. 

Using this equipment, preliminary experiments were conducted to deter- 
mine the effect of temperature on quantity of vegetative growth. ‘Test- 
tube cultures on agar were first used, then, later, in order to get a giant- 
colony effect for more exact comparison, these were replaced with Erlen- 
meyer flasks. Twenty cc. of celery agar were placed in each flask; bits of 
mycelium of Phoma apiicola were placed in the center of the medium and 
subjected to different temperatures. The experiment, in duplicate, was run 
for 30 days. The colonies progressed slowly in uniform circles and were 
actively growing at the time the experiment was concluded. Results in 
the following table are recorded in terms of average diameter of the colonies. 
Temperature variations are given as well as the average of twenty readings 
made during the experiment, values being recorded in terms of the nearest 
degree. 


TABLE 2.—THE EFFECT OF TEMPERATURE ON GROWTH OF MYCELIUM. 


Temp. Variation Degrees Average Temp. Degrees Average Diameter of Col- 
Centigrade. Centigrade. onies Centimeters. 

4— 6 5 5 
8-12 9 1.6 
13-15 13 2.5 
15-16 16 ou 

18 18 3 
20 20 2.8 
21-23 22 2.6 
25-27 ini 26 Wtf 
27-30 28 oO 


34-40 36 no growth. 
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These results show that minimum temperature for growth is close to the 
freezing point of water; maximum temperature is around 28°C. Optimum 
temperature is somewhere i in the range of 16 to 20°C., though very good 
growth is produced with a few degrees variation either way. 


Pycnidium Production— 


Quite often pycnidia are not produced on a solid medium and when they 
do make their appearance it is usually in old cultures where there is great 
difficulty in making estimates for comparison of response to different treat- 
ments. 

Cultures of the organism on filter paper, prepared as described by Coons’*, 
are more satisfactory for determining the value of various factors, in pyenid- 
jum production. Fruiting bodies have been found to be formed in greater 
numbers and results are more easily and accurately estimated. This method 
consists, essentially, in placing filter paper cones in a deep culture dish with 
the addition of a liquid medium. ‘The nutrient solution used has been either 
cornmeal broth or Coons’ synthetic solution. Either is very satisfactory 
although the latter gives a greater mycelial development and a larger num- 
ber of pyenidia. 

Four deep culture dishes, prepared as outlined above, were inoculated 
with mycelium of Phoma apiicola and placed in each compartment of the 
differential thermostat. They were allowed to remain thirty days. During 
this period, the temperature in the basement in which the test was conduct- 
ed, was fortunately very constant. Therefore, the temperature in the dif- 
ferent compartments varied little, after the first two days. The tempera- 
tures given below are averages for the period; except in the case of the last 
two figures the variation was not more than one degree in either direction. 


TABLE 3.—THE EFFECT OF TEMPERATURE ON PYCNIDIUM FORMATION. 


Average Temp. Degrees 


Centigrade. Relative Mycelial Growth. Pyenidia. 

4 75 = 

10 80 _ 

13 90 ae 

16 100 ote 

18 100 aia 

20 80 == 

23 40 ae 

26 (+1) 10 = 

35 (+1) No Growth. 


The quantity of mycelium produced at different temperatures is in har- 
mony with previous experiments. Color reactions on different media have 
been noted before, but they came in here in a very pronounced form in re- 
sponse to heat. At 4° and 10°, the mycelium was almost white. As the 
temperature increased, the color became more intense. At 26° there was 
very little vegetative growth, but that which was produced had a very in- 
tense, dark bluish cast. 


* Coons, G. H._ Factors involved in ane growth and pycnidium formation of Plenodomus fuscomacu- 
lans. yas Agr. Res, 5:713-769. 1916 
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Pycnidia began to appear at the end of 14 days. Larger number of fruit- 
ing bodies were produced at 13°, 16° and 18°, though, per unit of mycelium, 
there were as many produced at 26° as at any other temperature. 

At 4° and 10°, while there was a very good mycelial growth, there were 
no pycnidia; however, after these cultures were removed and placed at 21° 
the characteristic bluish color came in and pycnidia were produced as abund- 
antly as in any of the other cultures. 

High temperature seems to lessen pycnidium production only as it lessens 
mycelial growth. Low temperature, i. e. below 10°, represses pyenidium 
production, but a short exposure does not destroy the potentialities for 
fruiting. 


Germination of Spores— 

In moist chambers and liquid culture, the spores of Phoma apzticola have 
been very slow in germinating. From 36 to 48 hours have been required 
for the first indications of germination at room temperature. After the 
mycelium had shown such a marked response to relatively high tempera- 
ture, it was suspected that spores were being kept at too high a temperature 
for the most rapid germination. Pycnidia from deep culture dishes were 
crushed and the spores placed in small test-tubes containing sterile tap 
water. These were incubated, four tubes being placed at each temperature 
recorded below. Loops from these tubes were examined every 12 hours 
for germination of spores. Results are given in the following table. 


TABLE 4.—EFFECT OF TEMPERATURE ON GERMINATION OF SPORES. 


Stage of Germination. 
Temperature 
Degrees | |-——--—_— 
Centigrade. 


24 hrs. 48 hrs. 60 hrs. 84 hrs. 
= as cry 1 
ATT RMLs Hae ep eRe s Sala cra Ns eee E swelling budding 
LQ yi oi gy SRL eeN oe rae bes: Jlizis rare rear aek ate swelling germ tube 
TB thy Lil ede atte se ne Bee ae budding germ tube germ tube 
16 swelling germ tube germ tube germ tube 
18 swelling germ tube germ tube germ tube 
PAD IIb let orton cae ch RP swelling germ tube germ tube 
DOOR Mike CAE EO swelling budding germ tube 
DE doh pA vc teria yO aden ts EI aes ema Bho es MHP Sr ORCL Bc RN de swelling 
‘ 


At least 24 hours are required for germination at any temperature. The 
most favorable temperature for vegetative growth, 16° to 18°, is also con- 
ducive to most rapid spore germination. As indicated by the weak germi- 
nation at 4°, the minimum is very little below that temperature. Maximum 
temperature is close to 26°. 

The most outstanding feature is the length of time required for germina- 
tion even at the most favorable temperature. In this, we probably have a 
decisive factor making for restriction of the fungus to the underground parts 
of the host plant under field conditions. The spores, as indicated by in- 
oculation and germination experiments, require considerable moisture for 
germination. Under weather conditions which prevail in the celery growing 
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districts of Michigan, a fungus restricted by such moisture requirements 
must necessarily have a spore which will germinate and produce infection 
in a short time, if it is to become an important leaf spotting organism. The 
spores of the root rot organism under natural conditions do not ordinarily 
produce infection on the above-ground parts because of the drying out of 
the leaves and the leaf petioles before the germ tubes have had time to form 
and penetrate the host tissue. 


Thermal Death-Point— 


The ability of the fungus mycelium to withstand low temperatures has 
been tested by placing flask cultures outside of a window when the out-door 
temperature ranged from —18° to-28°C. Transfers proved that the mycelium 
was not killed after several days’ exposure. 

In the higher range of temperatures the mycelium is killed by subjecting 
it to 35° for a period of 72 hours. A ten-day exposure at 32° stopped growth 
but was not sufficient to produce death. Shorter exposures at lower tem- 
peratures indicate that the thermal death-point of the mycelium is very 
close to that of the spores which at a 10-minute exposure are killed at 49°. 

In determining the thermal death-point of spores the capillary tube meth- 
od, as described by Novy*, has been used. Capillary tubes, five inches in 
length and about 2mm. in cross section, were drawn out from a piece of 
thin-walled glass tubing. These were inserted in a spore suspension until 
they were properly filled, then sealed at each end. The tubes were immersed 
in water baths held at constant temperatures. At the end of the time of 
treatment they were cooled in water at a temperature of about 21°C. The 
tip of one end was then broken off, using aseptic precautions, and the con- 
tents discharged into melted agar by applying heat to the unbroken end. 
The experiment was run twice in duplicate, first with an interval of 5 degrees 
and later with an interval of 1 degree. Results are combined in the follow- 
ing table: 


TABLE 5.--THERMAL DEATH-POINT OF SPORES. 


Temperature Degrees Germination of Spores. 
Centigrade. Time of Exposures in Minutes. 

5 10 20 60 

35 ghee. A aietenat 

40 chatenid ci ae 

45 ae SES 

46 + 

47 a= 

48 + 

49 — 

50 , - - -—- = 


The thermal death-point of spores, at an exposure of 10 minutes, lies 
between 48 and 49 degrees. Only a few spores germinated at 48 degrees, 
indicating that there was some slight variation in the treatment which the 
spores in any one tube received or that some of the spores had slightly greater 
potentialities for withstanding heat than did others. 


ES Novy, F. G. Laboratory work in Bacteriology. 1899. Ann Arbor Mich. (George Wahr.) 
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LIGHT RELATIONS. 


Physiological investigations in this field have indicated that, with many 
species of higher fungi, light is of little importance either as a stimulant or 
as a repressant of vegetative growth. With many of these same organisms, 
however, light is an important and often an essential factor in spore produc- 
tion. Levin*, working with a number of species of Sphaeropsidales found 
that while mycelial growth was just as abundant, fruiting was considerably 
lessened and, in several species, completely suppressed by absence of light. 
Species of Coniothyrium, Phyllosticta and Cytospora showed considerable 
pyenidium production in the dark but at that suffered a falling off of more 
than 55 per cent when light was excluded. Species of Ascochyta, Phoma, 
Sphaeropsis, and Fusicoccum produced no pycnidia in the dark. Coonsf 
has found that, in the case of Plenodomus fuscomaculans, darkness has little 
or no effect on vegetative growth, but is prohibitive to pyenidium production. 

With these results in mind, experiments were planned to determine the 
effect of light and darkness in vegetative growth and pyecnidium production 
in the case of Phoma apzticola. 'To provide for darkness and at the same time 
allow for the circulation of air, a method modeled after that of Coons was 
used. ‘To exclude light, two battery jars were wrapped in heavy black paper. 
The larger was placed bottom end up over the smaller one and allowed to 
rest on a block of wood, thus providing for a passage of air at the base and 
over the top of the jar within. A similar arrangement was prepared, using 
heavy wrapping paper, for obtaining diffused light. Two jars without any 
covering were used in the series exposed to light. Filter paper cones were 
placed in preparation dishes (5 cm. diam.) containing 5cc. of corn meal 
broth as the nutrient medium. Inoculations were made directly from my- 
celium. Eight dishes were placed in each jar. Results are tabulated below. 


TABLE 6.—EFFECT OF LIGHT ON GROWTH AND PYCNIDIUM PRODUCTION. 


Percentage Development, Based on Best Culture. 


Treatment. ED EP SIE RDI Pane Ue De Dek eA RS Fe AES ra te 


Pyenidia. Mycelium. 
Light 100 90 
Diffused Light 80 100 
Dark 80 90 


Pyenidia were produced in greater numbers in light than under any other 
conditions. It is conclusively demonstrated, however, that light is not an 
essential factor in the fruiting of this’ organism. Light seems to stimulate 
fruit body production, probably due to the lessening of vegetative growth 
or to some other indirect action. 

Greatest mycelial development was obtained in diffused light, here also 
the hyphae were more upright producing a looser and more fluffy mass. In 
darkness there was apparently as much growth as in strong diffused light. 

* Levin, Ezra. Light and pycnidia formation in the Sphaeropsidales. Report Mich. Acad. Sci. 
17:134-135. 1915. 


t Coons, G. H. Factors involved in the growth and pycnidium formation of Planodomus fuscomacu- 
lans, Jour. Agr. Res. 5:713-769. 1916. 
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Under normal conditions on the host the organism is not subjected to strong 
light when it grows around the base of the plants just beneath the surface 
of the soil. Long continued growth under such conditions may have pro- 
duced a physiological adaptation to environmental conditions. At any 
rate it is a significant fact that the light relations which are most favor- 
able for development in culture are those to which the fungus is subjected 
when functioning as a pathogenic organism. 


RELATION TO DESICCATION, 


Mycelium of this organism will live for a period of two or three months 
when grown on an artificial medium and allowed to dry. Longevity varies 
with the character of the growth on the different media; rice, which pro- 
duces thick tough mats of growth and hyphae with thick walled cells, is 
conducive to great resistance; soil and certain synthetic media produce a more 
delicate type of growth which succumbs more readily to desiccation. The 
organism was grown on sterile muck until the soil was thoroughly filled with 
a loose growth of mycelium. Samples of this were removed, placed in sterile 
filter paper and subjected to drying at room temperature. Plating brought 
out the fact that the mycelium under these conditions was not living at the 
end of 35 days but was still capable of producing growth at the end of 28 
days. 

With many organisms, it is unquestionably true that longevity of spores 
subjected to drying on glass surfaces furnishes no reliable index as to their 
persistence in nature. The longevity of fungus spores as well as of bacteria 
depends largely on the medium upon which they are subjected to drying 
and also on whether or not they are imbedded in a gelatinous matrix. 

Spores of Phoma apzicola were tested in the usual manner by drying them 
on cover glasses and then testing their viability by placing them in broth. 
Under these conditions 60 hours was the longest period that spores with- 
stood desiccation. Other methods have been employed to more nearly 
approach some of the conditions to which spores might be subjected in nature. 
Celery seeds were treated with mercuric bichloride, thoroughly washed, 
inoculated with spores and subjected to drying on sterile filter paper. The 
seeds were placed in broth at regular intervals. Spores germinated after 38 
days desiccation; above this, the limit of resistance seemed to be reached 
and no more germination was obtained. To eliminate any inhibiting or 
germicidal effect, which might be produced by traces of mercuric bichloride 
untreated seeds were inoculated with spores, divided into two lots and sub- 
jected to drying. Platings were made from the first lot while seeds from the 
second lot were planted in pots at the end of every seventh day. Platings 
gave, substantially, the same results as obtained in previous experiments. 
In the first three plantings of seeds, infection was produced in the seedlings; 
the fourth planting gave negative results, and subsequent plantings failed 
to produce infection in the seedlings. 

These results merely indicate that free spores exposed on the surface of 
celery seeds, are not able to survive desiccation at room temperature for a 
period longer than 30 days. Because of the many varying factors, these 
tests cannot be taken as an accurate index as to the time which must elapse, 
before infected seeds may be considered safe. Spores used in the above 
experiments were produced in pure culture. Under such conditions, there 
is always the possibility of the spores being less resistant than those produc- 
ed on the host plant. Under natural conditions, the spores discharged are 
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imbedded in a gelatinous matrix which would serve to make them more re- 

sistant to adverse conditions of environment. When we consider these dif- 

ferences and the fact that pycnidia also may be produced on the seeds, (Kle- 

bahn) possibly existing there as immature fruiting bodies capable of later 
producing spores, it seems extremely likely that, while ordinary conditions: 
of desiccation may be important in killing large numbers of superficial spores, 
there is not enough evidence to conclude that desiccation is effective in en- 
tirely freeing seeds from the living organism. 


OXYGEN RELATIONS. 


The seat of this disease is near the surface of the soil regardless of whether 
leaf stalks, crowns, or roots are located at that place. Light is evidently 
not an important factor in this restriction. Experiments early indicated 
that the organism is an aerobe. Inoculation to Giltner* H-tubes produced 
no growth. Broth cultures covered with paraffin oil showed the same re- 
sults. Very little growth was produced on oatmeal agar in test-tubes when 
the tops were sealed with paraffin though the volume of air, in such cases, 
was many times that of the fungus. In tubes of sterile muck, the depth to 
which the fungus penetrates can be regulated by changing the compactness 
of the soil. In very loose muck, the fungus seldom penetrates deeper than 
an inch and a half; in more compact or water logged soil the growth is largely 
superficial. The same observation has been made in flasks where, in order 
to get thorough penetration, it is necessary to have the proper amount of 
moisture and to aerate the soil by shaking the flasks at frequent intervals. 

To determine the effect of introducing large supplies of oxygen, an experi- 
ment was set up in the following manner: Potted plants, having a well 
established root system, were allowed to dry to the wilting point. They 
were then taken from the pots, none of the soil around the roots being dis- 
turbed, and soaked in water, having a heavy charge of spores. After being 
placed in 6-inch battery jars and well tamped in with more soil, the entire 
mass was then drenched with a spore suspension. Glass tubes, bent into a 
hook so as to deliver air currents upward, were placed in the bottom of the 
jars and connected with a compressed air reservoir. The amount of air 
admitted was determined by allowing the air to bubble through water in a 
wash bottle. An average of about.120 bubbles per minute was introduced 
for a period of two months. Checks were run where no oxygen was supplied _ 
and also where no inoculation was made. When a difference in the size 
of tops, between the plants supplied with oxygen and the checks, became 
noticeable, the plants were removed, washed, and examined for signs of 
disease. Plate VI, Fig 2, shows a picture of a typical plant supplied with 
oxygen. The roots were attacked at many different points and many of 
these rotted off two or three inches from the crown; smaller roots had suf- 
fered severely and the whole root system was in an advanced stage of decay. 
The presence of hundreds of pycnidia scattered over the root system fur- 
nishes proof of the organism causing the destruction. On the inoculated 
check plants, the disease was produced only around the crown; the roots 
were as thrifty and as free from disease as in the case of the uninoculated 
plants. 

This air relation, we believe, explains why a large part of the disease on 
the roots is near the crown and why roots deep in the soil are very rarely 
attacked. Excessively high moisture content in the soil, since it drives out 


 Giltner, W. Laboratory Manual in General Microbiology. pp. 160-162. New York, 1916. 
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the air and makes less oxygen available, would tend to still further restrict 
the susceptible area, though relatively wet conditions are requisite for my- 
celial proliferation. As has been shown, lack of sufficient moisture in the 
air in nearly all of the celery growing districts in Michigan where the fungus 
is known keeps it from the aerial parts. Thus, the physiological relations 
of the fungus to these two environmental factors, namely water and air sup- 
ply, determined the type of disease which is produced, and the part of the 
host plant which is dangerously subject to attack. 


RELATION TO THE REACTION OF THE MEDIUM. 


Several different media have been used in determining the relation of 
acidity and alkalinity to the growth of Phoma apiicola. Celery agar, nu- 
trient broth, and Coons’ synthetic solutions have been employed in several 
experiments. 

With the solid media used, a neutral or slightly acid reaction is most favor- 
able for growth. The same is true of the liquid media used but the initial 
reaction for production of the greatest amount of growth varies with the 
chemical composition of the medium. This can be brought out more clearly 
by a description of a typical experiment. Flasks of nutrient broth were 
prepared to range in reaction from pH. 2 to pH. 9.6 by adding N/20 hydro- 
chloric acid or N/20 sodium hydroxide until the desired reaction was ob- 
tained. Each flask was inoculated with a small bit of mycelium and in- 
cubated at room temperature. In the following table, results are given for 
different periods of time on a percentage basis, reckoning the flask showing 
best growth as 100 per cent. 


TABLE 7.—EFFECT OF ACIDITY AND ALKALINITY ON MYCELIAL GROWTH. 


Estimated percentage development based on flask showing 


Reaction. 
e largest mycelial mass. 


2 weeks. 4 weeks. 8 weeks. 

pH 9.0 ove 

pH 8.5 5 5 

pH 8.0 10 10 5 
pH 7.5 25 20 10 
pH 7.0 90 75 60 
pH 6.5 100 80 70 
pH 6.0 90 90 80 
pH 5.5 60 100 90 
pH 5.0 40 70 100 
pH 4.5 25 25 50 
pH 4.0 5 a 5 


At the beginning, there was a much more rapid growth at the neutral 
point. As development continued, those flasks having an initial reaction 
of pH. 6.5, 6.0 and 5.5 respectively replaced the neutral flasks in quantity 
of mycelium produced. This came about both through a gradual accelera- 
tion of rate of growth in the acid and a slowing up in the alkaline media. 
Flasks, neutral and alkaline, had practically ceased growth at the end of 
four weeks. In those having an acid reaction, the fungus continued a fair 
rate of growth up to the end of the eighth week. The slowness of growth 
in the acid flasks at the beginning was no doubt due to an unfavorable reac- 
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tion, the longer period of growth being made possible through the breakiig 
down of protein molecules into alkaline compounds. This decomposition, 
brought about through the activities of the fungus, had the effect of making 
the reaction of the medium increasingly more favorable for growth up to 
the point at which the alkaline compounds began to exert a deleterious in- 
fluence, and then, of slowing up growth until the medium became too toxic 
for further development. Thus, in a single flask, the organism was able to 
pass from the limits of acid tolerance on the one hand to an alkaline solu- 
tion on the other. Various toxic substances thrown off by the fungus were 
no doubt important in stopping growth before the outer limits of alkaline 
tolerance were reached, since pH. determinations at the end of the experi- 
ment proved that the flasks having an acid reaction at the start were only 
slightly alkalme. Inoculated flasks of broth, having an initial reaction of pH. 
5.5, showed a gradual change in reaction up until the end of the eighth week, 
when they had a reaction of pH. 8.2. 

A series of deep culture dishes, with Coons’ synthetic solution as the nu- 
trient medium, were inoculated to determine the effect of reaction of the 
medium on pyenidium production. 


TABLE 8. 
Reaction of Medium Comparative development based on greatest number 
H-ion concentration. of pycnidia and largest mass of mycelium. 
Pyenidia. Mycelium. 
9.0 5 5 
8.0 50 75 
7.0 80 100 
6.0 100 85 
5.0 0 slight 
4.0 0 slight 


The limits of fruiting seem to be as wide as those for mycelial develop- 
ment. The neutral medium again markedly favored vegetative growth, 
while solutions slightly acid brought forth the largest number of pycnidia. 
The salient feature in these results is the failure of the solutions acid to pH. 
5.0 to produce growth in measurable quantities. At first glance, this seems 
contradictory to results obtained in broth cultures. The solution used in 
this experiment, however, has more carbohydrate and less protein in its 
composition than has beef broth. The probability is, that, on account of 
the nature of the medium, the fungus was unable to adjust the reaction in 
its favor and that pH. 5.0 is too acid for growth. 

The cultures at different reactions produced a noticeable series of color 
changes, though there is not such a wide variation as is produced in the case 
of extreme temperatures. In the alkaline solutions, the fungus produced 
a pink discoloration, which is never observed in neutral or acid solutions, 
and the color of the mycelium varied from an almost white to a light blue 
color. The acid solution produced a bluish or bluish-green mycelium. 


DISSEMINATION. 


The restriction of the pycnidia of the causal organism to the roots and 
crown of the host plant makes air currents of little importance in the dis- 
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semination of the disease. The gelatinous matrix in which the spores are 
imbedded necessitates a water distribution. When pycnidia are mature 
and the spores pushed out in long tendril-like threads, the jelly-like matrix 
is dissolved away leaving the spores free to be washed through the soil. 

The importance of this method of dissemination will depend largely on 
the frequency of heavy rains and on the amount of surface drainage. When 
the disease is present in the seed bed spores are disseminated by handling 
plants at transplanting time. It is quite a common practice to take plants 
from the seed bed and place the roots in water in a shallow pan until they 
can be placed in rows in the field. Under such conditions a single diseased 
plant, bearing pycnidia of the pathogen, would be capable of infecting an 
enormous number of sound individuals. 

With an organism capable of living and growing for a period in soil, the 
question of lateral dissemination by means of the growth of mycelium through 
the soil must be considered. To gather experimental evidence on this point 
plants in one side in each of five average size flats were inoculated in the 
greenhouse and checks placed in the same flats at a distance of 4 to 12 inches 
from inoculated plants. Watering was done with a sprinkler and the soil 
was kept moist enough for a good growth of celery. After three months 
the plants were pulled up and washed free from soil. Of the inoculated 
plants 96 per cent were diseased; 2 per cent of the plants four inches from 
inoculated plants were attacked, and all other uninoculated plants were 
free from disease. Pot experiments and observations on checks used in 
the greater part of greenhouse work have confirmed these results. It might 
be pointed out that in the above experiments conditions were very favorable 
for spread of mycelium as the soil was kept damp at all times. Due to its 
oxygen relation the fungus can penetrate soil only to a short depth, and 
since in the field surface soil is often dry the spread from plant to plant by 
means of mycelium will assume even less importance than in the greenhouse. 


VARIETAL SUSCEPTIBILITY. 


The whole question of varietal susceptibility is one which will require 
more searching investigation and critical observation to solve the problems 
here presented. Van Hook reports that Giant Pascal and Evans’ Triumph 
are much freer from the disease than is Golden Self Blanching. The most 
destructive outbreaks of the disease in Michigan have been on Golden Self 
Blanching celery, but unfortunately in these cases, no other varieties have 
been present in the infested districts on which to make observations, or 
with which to make comparisons. White Plume and Easy Bleaching are 
known to be subject to attack under field conditions; other varieties have 
such a limited use that data as to their relative resistance are not available. 
The results obtained from the inoculation of a limited number of various 
plants of various varieties, permit some decision in this regard. 

A variety test was conducted using Perle Le Grand, Smallage, Schumacker, 
Dreer’s Mammoth, Perfection, Easy Bleaching, Heartwell, Dwarf Golden 
Heart, Winter Queen, Rose Ribbed Paris, Golden Self Blanching, Boston 
Market, Columbia and Golden Heart. The method adopted for testing 
these varieties was to place twenty-five plants of each variety in a separate 
flat and thoroughly spray them with spores. 

Indications of infection first become apparent on Golden Self Blanching 
and Golden Heart plants through a dying of the lower leaves and a general 
checking of growth. In time, the same symptoms were to be noted on all 
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other varieties except White Plume and Giant Pascal. All inoculated plants 
of these two varieties, upon examination, proved to be diseased; but the 
characteristic symptoms were not to be seen on the parts of the plants above 
ground. At the base, a thin ring of black diseased tissue showed that the 
fungus was active, but was not seriously interfering with growth. In the 
case of the other varieties there seemed to be no great difference in suscep- 
tibility. 

As a result of these tests we feel justified in saying that though none of 
the common varieties are immune to this disease, some give indication of 
being more resistant than others. Golden Heart, Golden Self Blanching 
and Dwarf Golden Heart, seem to be the three varieties which suffer most 
from the disease. White Plume, Giant Pascal, and Easy Bleaching give 
indication of being more resistant. These last three varieties are large, 
rapid growing plants of a tougher texture. Herein probably lies the secret 
of resistance. Succulent plants of any variety are more susceptible than 
plants of a tougher texture. Similarly different species of Umbelliferae 
seem to correlate resistance with woodiness. 


Lire History oF THE CASUAL ORGANISM. 


In tracing the detailed life history of the parasite in relation to diseased 
production, it is well first to consider the periodical development of the dis- 
ease in the greenhouse and under field conditions. The first plant infec- 
tion quite often came in the greenhouse or in the out-door seed bed in the 
early spring. Clean plants of the first crop may be attacked after they are 
transplanted to the field. The second crop or celery growing during mid- 
summer is usually free from serious attacks. As the cool days of fall come 
on, the Phoma root rot fungus again becomes active and may produce serious 
damage in the last crop. 

There are several possible ways in which the causal organisms may pass 
the winter; (1) in soil or trash of the greenhouse or in the cold frame; (2) the 
refuse of the previous year’s crop in the field; (3) as a saprophyte in the soil; 
(4) on seeds, and (5) of course, there is always a possibility, with an organ- 
ism of this type, that there is an undiscovered perfect stage produced. As 
to the first possibility the fungus is known to persist through one season 
under such conditions. In case of the most serious outbreaks of the disease 
at Kalamazoo, Michigan, the greenhouse was the location where infection 
took place during two successive years and the point from which the disease 
was carried to the field. The source of the organism for the initial infection 
is unknown, but the appearance of the disease in a very virulent form the 
second year points strongly to the fungus having lived over in the soil or 
trash of the seed bed. In the greenhouse at the Michigan Agricultural Col- 
lege, plants became diseased when placed in soil from around diseased plants, 
after this soil had been kept in flats in the greenhouse through the winter 
up to February. 

There has been some difference of opinion regarding the importance of 
trash in harboring the organism. Klebahn is inclined to the belief that 
seeds are very important in the distribution of this disease, while Quanjer 
and Slagter minimize seed carriage and state that the chief source of in- 
fection is to be found in the trash, manure, etc. To determine something 
of the importance of trash and also to determine whether or not the organ- 
ism lived as a saprophyte in the soil through the winter an experiment was 
started September, 1919 on the following basis. Seven large flats were 
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placed out of doors over winter. Two of these contained growing plants 
which had been inoculated in midsummer and which were known to be dis- 
eased, in two others were diseased plants pulled from the soil and left on 
the surface; two contained muck soil, mixed with sterile muck on which the 
fungus was growing. In one flat diseased bases of plants were placed be- 
tween layers of thick filter paper and covered with soil to depths varying 
from 1to6inches. April 1, 1920, the first six flats were taken into the green- 
house and planted to celery. By May 1, the plants in the four flats con- 
taining trash were showing signs of disease. The two flats containing soil 
inoculated with a pure culture of the pathogen did not produce the disease, 
indicating that under the conditions of the experiment the fungus did not 
persist in the soil as a saprophyte. The diseased parts in the remaining 
flat were examined for pycnidia and for a possible perfect stage. The lat- 
ter quest was wholly unsuccessful, but pycnidia containing an abundance 
of spores were found on nearly all diseased parts. These spores germinated 
readily in tap water and indeed many of them had apparently germinated 
between the layers of filter paper as masses of bluish mycelium were every- 
where present. This mycelium, after isolation, corresponded to that of 
Phoma apiicola and produced disease when placed in contact with celery 
plants. 

Before 1914 the greater portion of the celery seeds used in the United 
States was grown in Holland and France, where this disease is most destruct- 
ive. As such seed importation is likely to regain its former volume, it is a 
question of first importance to determine whether or not the causal organism 
is seed borne. 

Klebahn (5) found pyenidia of Phoma apiicola on the seeds and suggests 
that seed distribution is important. Quanjer and Slagter (6) as stated be- 
fore incline to the belief that infection from the seeds is exceptional. 

This latter view seems to fit in well with the facts as observed in Michigan. 
The disease has, no doubt, been introduced from Europe on the seed or on 
trash present with the seeds, but the occurrence of the fungus on seeds is 
probably rare. Examination of French, English, and Dutch grown seeds 
has not shown pycnidia to be present. The infrequency with which the 
disease is found in the seed bed indicates that in the case of seeds shipped to 
America from infested European countries introduction with the seed does 
not commonly occur. While not often carried on the seeds, sporadic out- 
breaks of the disease in one or two instances indicate that the seeds in some 
cases may have been heavily infested. It is probable that seed carriage 
is important in introducing the disease into new territories and in occasion- 
ally being the source of bad seedling infections, but as a means of annual 
distribution of the disease, it is probably of minor importance. 


CONTROL. 


Because of the fact that plants are attacked at a point located below the 
surface of the soil, none of our common sprays which are used to fight other 
diseases of the celery plant are effective against this disease. Control meas- 
ures must be based largely on certain relations of the disease to environmental 
conditions and on the application of sanitary measures. In applying such 
methods it is well to keep the following points in mind: (1) While some 
varieties of celery are more or less resistant, none are known to be wholly 
immune; (2) the disease may occasionally be seed borne; (3) low tempera- 
ture and high moisture content in the soil favor the production of disease‘ 
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(4) attacks are most severe in the spring and fall; (5) greatest injury comes 
from attacks on small plants; (6) older plants are not so seriously affected; 
(7) trash of the greenhouse and field are important sources of infectious 
material. 

It is out of the question to rely on any of our common varieties to resist 
the attacks of the fungus. The varieties of best quality seem to be most 
susceptible to the disease, and some of the varieties of poorest quality seem 
to be slightly resistant, but not enough difference has been found to justify 
the grower in sacrificing quality for resistance. 

The possibility of the disease being seed borne leads to the question of 
seed treatment and sources of contaminated seeds. Phoma root rot has 
not been reported from any seed producing section of the United States. 
If it is present in any of these districts it is evidently causing little damage 
and chances of seed infection would be very small. European grown seeds 
are more apt to carry infection and treatment of such seeds may prove to 
be a good insurance measure against introduction of the disease into the 
seed-bed. 

A low temperature, combined with a high moisture content in the soil, 
is necessary if the disease is to become of economic importance. In seed- 
beds where conditions can be controlled as in the greenhouse, we believe 
that it would be possible to check the disease and in many cases prevent 
infection by limiting the water supply and keeping the temperature relative- 
ly high; but, since the seedling stage is the critical one for infection, it is 
dangerous to rely on this treatment. If seedlings of the first crop are kept 
free from infection until they are transplanted to the field, it is believed 
that in an average year the disease, caused by infection from field sources, 
is not capable of producing a great amount of destruction before its progress 
is arrested by the warm weather of summer. It is far safer to keep watch 
of the seed bed and if the disease appears, to change or to sterilize the soil 
before another crop of plants is grown. 

In the greenhouse it is possible that the fungus may persist for a consid- 
erable time in the partially rotted wood of benches and in other decaying 
material. For this reason all parts which have been in contact with infested 
soil should be drenched with some good disinfectant before disease-free 
soil is brought from the outside. A solution of formaldehyde diluted to 
one part formaldehyde to forty of water has been found to be very effec- 
tive in killing spores and mycelium of the causal organism when this fungus 
has been grown in sterile muck. Drenching infested soil with the same 
strength of solution would no doubt prove effective in destroying the fungus 
in seed beds under natural conditions. 

In the case of the fall crop, field infection may be a source of considerable 
loss. In dealing with this, it may be necessary to practice rotation and to 
remove all diseased trash from the crops of celery which are grown in the 
rotation. Under field conditions it is not known how long the causal organ- 
ism may persist in the soil and trash, but the removal of diseased parts from 
the field should decrease considerably the amount of infection. Crop ro- 
tation would seem to be a very effective method of control in sections where 
land is available and celery can be replaced by crops equally valuable. In 
districts where rotation is not practiced it is believed that the removal of 
diseased trash and the use of disease-free plants as mentioned above, will 
hold the disease in check and insure the grower a crop comparatively free 
from this type of root rot. 
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SUMMARY, 


Phoma Root Rot is a disease of celery and celeriac known both in Europe 
and America and is caused by the same fungus (Phoma apiicola) in both 
cases. 

The fungus also attacks parsley (Carwm petroselinum), parsnip (Pastinaca 
sativa), carrot (Daucus carota), and caraway (Carum carvi). 

The disease comes in on the crown of plants and causes dead leaves at 
the base, ‘‘stunting’’, and a pinching off near the surface of the soil. 

The causal organism requires a relatively low temperature (optimum 
about 18°C.) and abundance of moisture and a large supply of oxygen for 
best growth. 

The disease reaches its maximum of destructiveness in the spring and fall, 
the hot weather of midsummer checks the advance of the fungus and gives 
a crop free from its attack. 

Over-wintering is known to take place in the trash of the field. 

Control measures recommended are the use of disease-free plants and the 
destruction of trash which harbors the pathogen, or when the disease is 
severe, the rotation of crops. 
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Plate I Michigan Technical Bulletin No. 53_ 
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Plate I. (a) Pycnidium showing ostiole: 
(b) Pyenidium showing neck. 
(c) Spores. 
(d) Germinating spores. 
(e) Group of pyenidia as the appear on the host plant. 
(f) Pyenidium showing discharge of spores. 
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Plate II Michigan Technical Bulletin No. 53 


Plate II. Diseased plants as they appear before all the roots are rotted 
away. 
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Plate III Michigan Technical Bulletin No. 53 


Plate III. 


Pjate III. Fig. 1. Infection on leaflets (upper left) and on leaf petioles. 
(Photograph and inoculation by Dr. G. H. Coons.) 
Fig. 2. Diseased (left) and healthy (right) plants of the same 


age. (1% nat. size.) 
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Plate IV Michigan Technical Bulletin No. 53 


Plate IV. Phoma rot on (a) carrot, (b) parsnip, (c) parsley, and (d) parsnip. 
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Plate V Michigan Technical Bulletin No. 53 
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Plate V. Plants 4 weeks after imoculation, showng the typical drooping 
and killing of the outer leaves. Holland and Michigan strains 
of Phoma apvicola on Easy Bleaching celery. 
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Plate VI Michigan Technical Bulletin No. 53 


Plate VI. Fig.1. (Top) Showing the relation of temperature to mycelial 
growth. J 
Fig. 2. The effect of air on root attacks. The plant at the 
left was not inoculated; the middle one was inoculated and 
supplied no air; the plant on the right was inoculated sup- 
plied air. Note the scarcity of smaller roots and the diseased 
condition of the larger ones. 
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Plate VII 


Plate VII. 
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Michigan Technical Bulletin No. 


Diseased base of plant showing pycnidia. 
(Enlarged 6 times.) 
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Plate VIII 
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Michigan Technical Bulletin No. 53 


Plate VIII. 


Fig. 1. (Top) Culture showing type of growth produced on 
cornmeal agar. 
Fig. 2. Mycelium of Phoma apzicola on muck soil. 
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STUDIES IN THE DISEASES OF THE REPRODUCTIVE ORGANS 
OF CATTLE 


Technical Bulletin No. 54 


BY E. T. HALLMAN 
PART T 
A PRELIMINARY Rerort oN THE PATHOLOGY of PYOMETRA IN CATTLE 


INTRODUCTION 


The cases reported here were from two herds in which abortion disease has 
caused more or less losses for the last six or eight years. Those who have had 
much experience in the handling of herds affected with abortion disease ap- 
preciate the frequency with which pyometra occurs as a sequel of abortion 
infection and the difficulties encountered in its treatment. Little, if any, 
work has been done in this country on the pathology of this condition in cattle 
and appreciating the importance of a knowledge of the pathology of any af- 
fection as a guide in outlining a rational treatment the writer deemed it ad- 
visable to devote some time to its study. The data presented here are not as 
extensive as the writer would like but it is not easy to secure satisfactory: cases 
for pathological study and it is believed that this preliminary report is of 
giygon: importance to present for consideration. 


Case No. 27 


History and Clinical Examination: (Guernsey cow five years old, calved 
March 9th, 1919 and retained the afterbirth. This was removed by an at- 
tending veterinarian but was followed by considerable discharge for a few 
days. Cow was bred on March 25, March 30th, April 30th, May 10th, and 
May 19th, 1919. She was in heat again on May 29th and June 20th but was 
not bred. A thick, yellowish vaginal discharge was observed when in heat 
on June 20th. On June 22, 1919 a clinical examination demonstrated the 
presence of about six ounces of a yellow muco-purulent exudate in the vagina, 
the external os uteri relaxed, cervical mucosa moderately congested, the uterus 
slightly enlarged and wall flaccid. There were two cysts each about ten 
mm. in size in the right ovary. The cysts were then ruptured, and the uterus 
irrigated with warm sodium bicarbonate solution followed by the injection 
of one dram iodoform, two drams bismuth subnitrate and two ounces of min- 
eral oil into the uterus. June 29th there is a small quantity of a yellow muco- 
purulent exudate in vagina and the cervix is slightly congested. There is a 
tumor-like swelling about five centimeters in diameter dorsal to the cervix, 
and which contains a fluctuating fluid. The uterus is only moderately en- 
larged. The uterus was again treated as noted above. On July 5th there is 
some muco-purulent discharge in vagina. The peri-cervical abcess capsule is 
more dense and contents less fluctuating than one week ago. Two ounces of 
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iodoform-bismuth-oil preparation were injected into uterus. This treatment 
was continued at weekly intervals for the next three or four weeks with but 
little improvement. During the first week of August this cow had a fracture 
of the pelvis and no further treatment was given. She was slaughtered on 
September 14, 1919. 


Macroscopic Examination: Dorsal and to the right of the bifurcation of 
the uterus there is a sharply circumscribed encapsulated abscess about seven 
centimeters in diameter, containing a thick creamy granular pus. ‘This 
abscess communicates with the posterior end of the right horn by a small 
canal directed backward. There is a small quantity of mucus in external os 
containing but a few flakes of pus. The mucosa of the cervix is a fairly uni- 
form light drab color. There is some hypertrophy of the second transverse 
fold of the cervix. The left horn is somewhat larger than the right and con- 
tains about four fluid ounces of a sero-purulent exudate. The gland mucosa 
of the uterine body and left horn is mottled and varies in color from that of 
a yellowish gray to a reddish brown. There are distributed over the mucosa 
some twelve to fifteen small cyst-like structures projecting slightly above the 
surface and varying from one to three millimeters in diameter. These appear 
to contain a clear fluid. In addition to these there are a larger number of 
small circumscribed areas varying in size from one to two millimeters in 
diameter, the center of which appears as a dark gray spot varying from one 
half to one mm. in diameter, surrounded by a small peripheral zone appar- 
ently containing a clear fluid: The cotyledons vary in size from three by 
eight mm. to six by ten mm.; they are of a lighter color than that of the gland 
mucosa. The cotyledons bear some resemblance to pig’s liver, the lobules of 
which are extremely fatty. These light yellow lobule-like areas vary in size 
from that of a pin point to one mm. in diameter. The mucosa of the right 
horn is of a more uniform yellowish gray color than that of the left horn. 
The cotyledons are a lighter color and are about one half the size of those of 
the left horn. The right ovary is six centimeters in diameter and has three 
well marked cysts fifteen to eighteen mm. in diameter. A non-motile gram 
negative gas producing rod of the colon group was isolated from the uterine 
exudate. 


Histological Examination: The mucosa of the uterine body and left horn is 
three to four mm. thick and is covered with epithelium averaging about six- 
teen microns high. Most of the epithelial cells show very poorly stained or 
unstained nuclei. There is a marked leucocytic infiltration and proliferation 
of fibroblasts throughout the stroma but the resulting density is greater 
toward the mucous surface than toward the muscularis. The glandular 
changes are not marked although a few leucocytes are seen in some of the 
gland tubules. There are many oval shaped cysts in the mucosa varying in 
size from four-tenths by eight-tenths mm. to two by four mm. These cysts 
are lined with columnar epithelium averaging about twelve microns high and 
the connective tissue Just without has been modified to produce a definite 
cyst wall. Some of the cotyledons are covered with a stratified squamous 
epithelium consisting of five or six layers, the outer layer or two of which ap- 
pears to be cornified. The stroma of the cotyledon is more denselv infiltrated 
with leucocytes and endothelial cells than is the stroma of the gland mucosa. 
The mottled appearance of the cotyledons described in gross is apparently 
due to the marked leucocytic and endothelial cell infiltration of the stroma. 
That is, normally, the minute blood vessels of the cotyledon are arranged in 
several groups containing three or four vessels in some groups to as many as 
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twenty or even more in others. In places these groups of vessels are within a 
small fraction of a mm. of the surface. In this case the sub-epithelial tissue 
is densely packed with leucocytes and endothelial cells, the zone being shallow 
or gece depending upon the proximity of a group of blood vessels to the 
surface. 

The mucosa of the right horn averages about four mm. in thickness and is 
covered by a simple epithelium more uniformly stained than is that of the 
left horn. There is a leucocytic infiltration of the stroma but less marked 
than in the left horn. There is also a diffuse fibrosis, more marked toward 
the surface. 


Case No. 28 


History and Clinical Examination: Case 28, aborted a six months old 
fetus November 1, 1919 and, on account of not being a very valuable animal 
and the desire of the owner to get her out of the herd, was killed on November 
11, 1919. 


Macroscopic Examination: The right (post pregnant) uterine horn is 
about three times the size of the left horn, the latter about twice the size and 
length of a normal non-pregnant horn. The right ovary contains a grayish 
yellow corpus luteum five mm. in diameter. The left ovary contains a bright 
yellow corpus luteum five mm. in diameter in the center of which is a small 
hemorrhagic area. The left ovary also contains a cyst-like structure twelve 
mm. in diameter and three or four smaller ones. The external os is open and 
the cervical mucosa is only slightly injected with a few scattered petechiae. 
The uterine cavity contains about two hundred and fifty cc..of a purulent 
exudate, distributed throughout the body and both horns. The gland mucosa 
is only moderately congested and there are present numerous small grayish 
white slightly raised circular areas varying in size from one half to one mm. 
in diameter in the center of which is a slight depression. These are appar- 
ently the swollen ducts of the uterine glands. The intervening gland mucosa 
consists of narrow interlacing areas of a more pinkish color. The cotyledons 
vary in size from twelve to thirty mm. in their longest diameter. They are 
of a yellowish gray but not uniform color. There are scattered quite thickly 
over the entire surface of the cotyledon small grayish yellow irregularly shaped 
areas. Some of these are circular and about the size of a pin point, others are 
elongated and average about one mm. in diameter. These are probably the 
swollen orifices of the crypts. 

A cultural examination was not made of the exudate in this case but exami- 
nation of stained smears demonstrated the presence of a streptococcus and 
a short small rod resembling the abortion bacillus. 


Histological Examination: The epithelium of the cervix shows some, but 
not marked, mucoid changes. In places numerous leucocytes are seen passing 
through the epithelium. There is not a diffuse leucocytic infiltration of the 
sub-epithelial tissue but there are numerous foci of densely infiltrated areas. 
- Here lymphocytes predominate but numerous plasma cells are seen. A few 
more deeply seat-foci of leucocytes are seen in the mucosa. Some hyaline 
degeneration of the muscularis is seen. 

The gland mucosa of the body and right horn averages three to four mm. in 
thickness. The epithelium is denuded in most places but where present it 
varies from eight to twenty-four microns in height. In a few places it is observed 
that the epithelium is necrotic. In others there is evidence of regeneration of 
the epithelium. There are a few local areas of a superficial necrosis of the stroma 
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in the denuded areas, the necrosis extending to a depth of fifty to sixty mi- 
crons. There is a marked leucocytic infiltration of the superficial portion of 
the stroma. Here lymphocytes predominate although numerous fibroblasts 
and plasma cells are seen. The glandular lesions are not marked though in 
many of the gland tubules detached eipthelial cells and leucocytes are seen 
and in places the peri-glandular tissue is more cellular than in others. 

There is a superficial diffuse necrosis of the cotyledons averaging about one- 
half mm. in depth. The crypts are poorly defined. What remains of them 
appear as irregular areas more or less filled with detached epithelial cells, 
placental cells and leucocytes. Occasionally there appear in the crypts what 
may be taken as the remains of a chorionic tuft. The crypts extend to a 
depth of two to two and one-half mm. 

The mucosa of the left horn only differs from that of the right in that there 
is apparently more normal epithelium. In places, however, the same super- 
ficial necrosis and leucocytic infiltration is observed. 


Case No. 29 


History and Clinical Examination: (Guernsey cow about eight years old. 
Her previous breeding record is unknown. She calved at full time March 28, 
1920 and retained the afterbirth. Two days later the attending veterinarian 
attempted to remove it but could remove only a part of it. The uterus was 
irrigated with physiological sodium chloride solution and then one dram of 
iodoform, two drams of bismuth subnitrate suspended in two ounces of 
mineral oil was injected into the uterus. Two days later more of the after- 
birth was taken away and the same treatment given as noted above. On 
April fifth it is recorded that the pulse and respiration are increased, there is 
a loss of appetite, diarrhea, and the animal is in a very weak condition. More 
of the afterbirth is removed and the same treatment given as noted above. 
Stimulative treatment is begun on this date. On April sixth there is a puru- 
lent discharge in vagina but the uterus is apparently free of afterbirth. There 
is no improvement in the general condition of the animal. The daily vaginal 
(antiseptic douch) and stimulative treatment is continued with no improve- 
ment in the general condition. On April thirteenth symptoms of pneumonia 
appear. Animal continues to grow worse and is killed on April nineteenth 
on account of a moribund condition due to a bilateral lobar pneumonia. 


Macroscopic Examination: There is a small quantity of muco-purulent 
exudate in the anterior part of vagina and cervical canal. The cervical canal 
is nine cm, in length. The mucosa is of a fairly uniform yellowish gray color 
except at the crest of the folds where it is slightly injected. The left lateral 
portion of the first transverse fold of cervical mucosa is slightly hypertrophied 
and slightly injected. The uterine body is five cm. in length and the mucosa 
is covered with a thin layer of a thick adhesive purulent exudate. On scrap- 
ing this away the mucosa is seen to be of a mottled steel gray color with a few 
bluish black areas that appear to be old hemorrhages. The left horn is about 
twice the size of the normal horn of a non-pregnant cow that has had one or 
more calves. The wall varies in thickness from six mm. at the posterior end 
to three mm. at the middle and anterior end. The mucosa of the posterior 
end is of a dirty yellow uniform color except near the base of the cotyledons; 
here the mucosa has a pinkish tinge. The appearance of the mucosa changes 
toward the middle of the horn, particularly near the base of the cotyledons, 
where there is a thin, but not uniform adhesive purulent exudate adherent 
to the cotyledons and parts of the gland mucosa. The gland mucosa is of a 
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peculiar appearance. This can be illustrated best by comparing it with the 
cut surface of pigs liver where the intra-lobular tissue is considerably swollen, 
of a light gray color and stands above the interlobular tissue. That part 
which corresponds to the interlobular tissue is of a darker color and near the 
cotyledons shows what appears to be numerous petechiae. In the anterior 
end of the horn there is a greater amount of thick purulent exudate found 
than in the middle portion but here there is not more than one or two table- 
spoonfuls. The appearance of the mucosa differs from that of the middle por- 
tion in that the part which was compared with the swollen intra-lobular tissue 
of pigs liver appears to have contracted some and is of a steel gray color, and 
the inter-lobular like portions are lighter and free from petechiae. 

The cotyledons of the left horn are of a darker color than that of the gland 
mucosa and vary in size from three mm. to six mm. in diameter and project 
above the surface from five to eight mm. A thin layer of an adhesive purulent 
exudate is adherent to most of the cotyledons in the middle and anterior 
portion of the horn. Upon scraping this away a few small yellowish gray 
spots are seen on the surface which suggest necrotic foci. 

The right horn is not enlarged. The mucosa is of a light drab uniform 
color except near the base of a few cotyledons in the middle portion where it 
is apparently more vascular. The cotyledons are a lighter color than the 
gland mucosa and apparently normal. There is no abnormal exudate in 
the right horn. 

In the left ovarian ligament there is a cyst about ten mm. in diameter and 
containing a sero-purulent exudate. The left ovary is twelve by twenty-five 
mm. in size and contains a corpus luteum about six mm. in diameter. The 
right ovary is ten by twenty mm. in size. 


Streptococcus viridans and Bacillus coli communis were isolated from the 
uterus. 


Histological Examination: The epithelium of the cervical mucosa shows 
rather marked mucvid changes. The mucosa of the uterine body varies 
from one to five mm. in thickness. There is a superficial necrosis of the 
mucosa varying in thickness from forty to three hundred and twenty microns. 
This necrotic zone which is quite general appears as a pinkish granular mass 
in which numerous leucocytes are seen. Only a few living superficial epi- 
thelial cells are seen; in most places the epithelium is not recognizable. Be- 
low the necrotic zone there is a distinct diffuse leucocytic infiltration of the 
mucosa to a depth of about one half mm. In addition to this, there is a 
marked increase in the number of leucocytes throughout the stroma. Nu- 
merous budding capillaries are seen in the ‘stroma underlying the necrotic 
zone, beautifully illustrating the defensive and reparative activity of the 
stroma. The glandular changes are not marked although a few leucocytes 
and granular detritis are seen in some of the gland tubules and in places the 
glandular epithelium has retracted from the basement membrane leaving a 
clear zone around the epithelial lining. The mucosa of the posterior end of 
the left horn shows a superficial necrosis only in relatively small areas and 
where seen the necrotic zone does not extend to as great a depth as in the 
uterine body. Over larger areas of the surface the necrosed parts have ap- 
parently sloughed. Those portions of the mucosa not showing necrosis are 
in places covered by epithelium, in others they are bare. In places the epi- 
tbelium is low cuboidal or squamous and does not completely cover the sur- 
face. At other places the height of the epithelium is normal but is not con- 
tinuous, there being spaces between many of the cells. At still other places the 
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epithelium is apparently normal. In that portion of the mucosa showing 
regeneration of the epithelium the sub-epithelial zone does not show a marked 
leucocytic infiltration. The stroma is more dense than the normal uterine 
stroma; this is more apparent toward the epithelium than toward the mus- 
cularis; numerous endothelial cells and fibroblasts are seen. 

The mucosa of the middle portion of the left horn averages about two and 
one-half mm. in thickness. In places there is a superficial necrosis averaging 
sixty-five microns in depth. In other places no necrosis is observed but the 
mucosa is bare of epithelium and still in others the mucosa is covered by re- 
generated epithelium. The peculiar appearance of the mucosa described in 
gross is due to the swollen condition of the mucosa between the gland ducts. 
This swelling is the result of a leucocytic infiltration of the stroma, prolifera- 
tion of the endothelial cells and fibroblasts and the new formation of capil- 
laries. These changes are more marked in the outer portion of the stroma 
and diminish rapidly toward the deeper portions. The orifices of the gland 
ducts are filled with a pinkish granular detritis in which numerous leucocytes, 
erythrocytes and a few epithelial cells are seen. In the region of the cotyle- 
dons the necrosis is more uniform and there are numerous petechial hemor- 
rhages in the superficial portions. In the anterior end of the left horn, the 
necrotic zone, where it has not sloughed off averages about one hundred and 
fifty microns deep. At places however, it dips down into the stroma to a 
depth of one-half to seven-tenths of a mm. giving rise to minute ulcers. There 
is apparently a greater proportion of fibroblasts in the sub-necrotic stroma 
than in the middle portion of the horn. 


Case No.-.30 


History and Clinical Examination: Cow about nine years old, aborted a 
seven months old fetus September 27th, 1920. The afterbirth was retained 
and removed by attending veterinarian. On September 29th there were 
symptoms of pneumonia and a putrid discharge from uterus. She was placed 
on stimulative treatment and one ounce of boric acid was introduced into 
uterus. Uterus was irrigated on the 30th and a boric acid capsule introduced 
into uterus on October 4th. After this only vaginal treatment was given 
locally and the stimulative treatment continued. The animal progressively 
got weaker and died on the night of October 24th, 1920. Autopsy demon- 
strated a septic embolic pneumonia, suppurative mammitis and purulent 
endometritis. 


Macroscopic Examination: The external cervix is covered with a thick 
gray purulent exudate. The first fold of the cervical mucosa is highly con- 
gested and hypertrophied. Cervical canal is seven cm. in length. The 
mucosa is of a steel gray color. Body of uterus is three cm. in length and the 
mucosa is covered with a thick gray pus. On scraping this away the mucosa 
is seen to be of a steel gray color. The right horn is about twice the size of a 
non-pregnant normal horn; the mucosa is covered with a thick gray pus in 
which is seen numerous small brownish black granules about the size of a 
mustard seed, probably precipitated constituents of blood. The appearance 
of the gland mucosa is similar to that of the uterine body. The cotyledons 
average about eight by twelve mm. and project above the surface six to eight 
mm. They are of a steel gray but lighter color than that of the gland mucosa. 
There is‘a thick gray purulent exudate adherent to the surface. 

The left horn is but slightly enlarged. The mucosa is similar to that of the 
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right horn and is covered by a similar exudate. There is no enlargement of 
either oviduct and no apparent alteration of either ovary. 

Unfortunately, cultural examination was not made of the uterine exudate 
in this case. Microscopic examination of smears from the uterus demon- 
strated a streptococcus and a small short rod. The former apparently pre- 
dominating. 


Histological Examination: In places the epithelium of the cervical mucosa 
show but slight changes. In others there is marked disintegration of the 
epithelium, with necrosis, where there is a granular exudate adherent in 
places to the surface and a leucocytic infiltration of the sub-epithelial tissue, 
lymphocytes apparently predominating. In some of the capillaries and other 
small vessels is seen varying amounts of fibrin. In some of the vessels the 
amount of fibrin is small, in others their contents have somewhat the ap- 
pearance of a thrombus. 

The mucosa of the uterine body and right horn varies from two to three 
mm. in depth except in places where the superficial necrotic process has ex- 
tended to a depth of six-tenths to one mm. from the muscularis producing 
ulcer like areas. There is a general superficial necrosis of the mucosa averag- 
ing about eight-tenths mm. in depth. There are but few leucocytes in the 
necrotic zone. There is a distinct but not marked leucocytic infiltration of 
the stroma below the necrotic zone, lymphocytes predominating. In many of 
the small vessels of the mucosa masses of fibrin containing varying quan- 
tities of red blood cells, and leucocytes are seen, which in places almost 
completely fill the lumen. The condition of the uterine glands varies. 
In places they are apparently normal, in others there is disintegration of the 
epithelium with leucocytic infiltration of the gland lumen. The alterations 
of the mucosa of the left horn are similar to those of the right. 

There is not as marked a leucocytic infiltration of the mucosa in this case 
as is seen in the others of this series. Whether this indicates a lack of re- 
sistance or.is due to the drain on the hemopoietic organs by the respiratory 
system and udder is an interesting speculation. 


SUMMARY 


In three cases out of the four studied a superficial more or less general 
necrosis of the mucosa with leucocytic infiltration and fibrosis of the super- 
ficial portions of the stroma were.observed. The necrotic zone varied in 
depth from fifty microns to eight-tenths of a mm. and in places producing 
many minute ulcers extending more deeply into the uterine mucosa. Both the 
gland mucosa and the region of the cotyledons were involved in the necrotic 
process. The glandular changes as a whole were not marked although in 
places there was degenerative and disintegrative changes in the glandular 
epithelium with leucocytic infiltration of the gland luminae. In one of these 
cases, numerous thrombi were seen in the small blood vessels of the mucosa 
more or less completely plugging them. The lesions observed in these cases 
bear considerable resemblance to those caused by the injection of concen- 
trated preparations of iodine into the uterine cavity. There is this important 
difference, however, in the latter case. Here the principal irritant is quick in 
its action and is active for only a short period of time. In pyometra, the irri- 
tation is continuous over a longer period of time. This condition obviously 
produces more fibrosis. 

In one of the cases studied the most conspicuous alteration was the presence 
of numerous small cysts in the uterine mucosa. This condition, may explain 
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failure to breed and nymphomonia in those cases in which clinical examination 
fails to reveal cystic ovaries. Obviously these small cysts in the uterine 
mucosa could not be detected clinically. It is possible that many of them 
might be crushed by massage. In this case there was some necrosis of the 
epithelium with leucocytic infiltration and some fibrosis of the stroma. Over 
some of the cotyledons the epithelium was stratified, the outer layers of which 
were apparently undergoing cornification. Sven Wall of Sweden has reported 
this condition not only of the cotyledon but also of the gland mucosa, and 
believes that it results from a growing in of the ectodermic epithelium from the 
vagina. Since this condition was not observed in the gland mucosa of the 
case studies by the author, he is inclined to look upon it as not the result of a 
growing in of the epithelium from the vagina but more likely the result of 
- constant irritation of a relatively low degree of the epithelium of the cotyledon. 

The alterations observed in these cases suggest the thought that the most 
helpful treatment is that which would provide constant drainage and prevent 
putrefaction of the necrotic tissue. 


PART IT 


Some OBSERVATIONS ON THE ANATOMICAL EFFECTS OF MEDICINAL AGENTS 
ON THE UTERINE Mucosa oF THE Cow 


INTRODUCTION 


The data presented here were collected in an effort to throw some light on 
the gross and microscopic changes produced in the uterine mucosa by the 
application of the treatment usually employed by gynecologists for the chronic 
catarrhal conditions of the uterus. The application of irritants in concen- 
trated form for the chronic inflammations of mucous membranes is a long 
established practice. The human gynecologist frequently combines curettage 
with this treatment for chronic endometritis. The assumption is that the 
reaction produced by such treatment will destroy the deep seated infection 
causing the chronic condition. Gynecologists have warned against the use 
of such heroic treatment for the uterine affections, pointing out that the 
uterine mucosa is a delicate structure and that the damages wrought by such 
treatment may be greater than the primary affection. The writer knows of 
no data, other than clinical, that either proves or disproves this assumption. 
In the work recorded here no effort was made to determine the effects of such 
treatment on the bacterial flora of the uterine mucosa. In fact no effort was 
made to select cases suffering with the chronic affections.of the uterus. The 
primary object of the work was to make some observations on the damages 
wrought by such treatment and the extent of repair of the uterine mucosa. 
The method followed in this work was to select non-pregnant cows that had 
had one or more calves and were to be slaughtered for beef, note the clinical 
condition of the reproductive organs, apply the medicinal agent and then 
slaughter the animal and record the gross and histological changes of the 
mucosae. Each cow reported here was from a dairy herd representative.of 
the common dairy breeds. Only two preparations have been used in this 
preliminary work, viz. (1) Lugol’s solution of iodine, and (2)the following 
preparation: menthol crystals, two drams; tincture of iodine, two ounces; 
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and glycerine, two ounces. Lugol’s solution of iodine has been quite generally 
used for a number of years in the treatment of affections of the uterus and the 
menthol-iodine-glycerine preparation has been used quite extensively in the 
last two or three years. This work is by no means complete but the results 
have proved to be of such interest to the writer that it is deemed advisable to 
publish them for the consideration of those interested in this problem. 


Case No. 1 


Clinical Condition and Treatment: The vagina contained a considerable 
quantity of thin clear mucus as in heat. The cervix was slightly enlarged 
with some hypertrophy of the second transverse fold. The mucosa was only 
slightly congested and excessively moist. The uterus and ovaries were ap- 
parently normal. One ounce of undiluted Lugol’s solution of iodine was 
injected into the uterus and the uterus gently massaged to force the solution 
into all parts of the cavity. The cervix was then swabbed with the same 
preparation. (This technique was followed in each case reported here). The 
animal was slaughtered seven and one quarter hours after the treatment. 


Macroscopic Examination: There is considerable stringy fibrinous exudate 
adherent to the external cervix. The cervical mucosa is considerably con- 
gested except in the deeper portions of the commissures and where the mucosa 
was protected by the overlying transverse folds. There are one or two ounces 
of a straw colored serous exudate in the uterine cavity in which is seen two or 
three teaspoonfuls of a coagulated fibrinous material. The mucosa of the 
uterine body shows marked congestion but not as marked as that of the 
cervix. The congestion diminishes toward the anterior end of the horns where 
it is hardly noticeable. 


Histological Examination: It was not possible to. obtain entirely satisfactory 
sections of this case especially from the cervix due to an error in technique. 
The epithelium of the mucosa of the horns is denuded in most places (appar- 
ently mechanical), where present it varies from eight to sixteen microns in 
height; the cells are cloudy and the nuclei poorly stained. In places there is 
some coagulum consisting of red blood cells and a granular material adherent 
to the surface. At a few places the epithelium is separated from the sub- 
epithelial stroma by a thin layer of what appears to be disintegrated red 
blood cells. The blood vessels of the stroma are more.or less engorged and 
there is some edema of the stroma. In places quite a considerable number of 
leucocytes are seen in the edematous areas. A few sub-epithelial hemorrhages 
are observed. 


Case No. 2 


Clinical Condition and Treatment: Cervical secretions and mucosa ap- 
parently normal, uterus and ovaries apparently normal. One ounce of men- 
thol-iodine-glycerine preparation was injected into uterine cavity and an 
effort was made to swab the cervix but on account of the smallness of the 
canal it was not effectively done. The cow was killed six hours after treat- 
ment. 


Macroscopic Examination: External os contains a muco-fibrinous plug. 
Cervical mucosa is considerably congested. There are about two ounces 
of straw colored serous exudate containing a few flakes of fibrin, in uterine 
cavity. The mucosa is only slightly congested. 
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Histological Examination: The cervical mucosa shows numerous sub- 
epithelial hemorrhages at the crest of the folds. Here the epithelium in places 
is denuded, at others it is well stained even in places where there are numerous 
sub-epithelial hemorrhages. In the pits between the folds, the mucosa shows 
no effects of treatment. The uterine mucosa to a depth of about two-tenths 
mm. shows a distinct zone in which the capillaries are engorged and there is 
marked edema. The superficial epithelium is cloudy and more granular than 
normal but the nuclei are well stained. 


Case No. 3 


Clinical Condition and Treatment: Cervical secretions abundant as in 
heat. Cervical mucosa slightly congested and canal open. No abnormality 
of uterus or ovaries could be detected, clinically. One ounce of Lugol’s solu- 
tion of iodine diluted with one ounce of water was injected into uterus and the 
cervix was swabbed with undiluted Lugol’s solution. The cow was slaugh- 
tered twenty-nine hours after treatment. 


Macroscopic Examination: On the dorsal surface of the posterior end of 
the right horn is a circumscribed slightly raised yellowish gray area sur- 
rounded by a hemorrhagic zone. This lesion is two and one-half by five em. 
in size. There is about one teaspoonful of a muco-fibrinous exudate.in exter- 
nalos. The cervical mucosa is highly congested and shows numerous petechial 
hemorrhages, especially along the dorsal surface. There are about three 
ounces of a straw colored serous exudate in uterine cavity. In addition to 
this there are two muco-fibrinous clots, the larger of which begins in the right 
horn and extends around into the left horn. It is about twenty cm. in length, 
irregularly cylindrical and a little larger than a lead pencil. 

Near the middle of the left horn there is a small amount of coagulated 
blood. The uterine mucosa is congested, more marked in the right than the 
left horn. The mucosa over the circumscribed lesion described above is 
roughened and of a greenish tinge. On section of this lesion a sero-sanguineous 
clot twelve mm. in diameter is seen in the deeper layers of the uterine wall 
(hematoma). 


Histological Examination: The alterations in the cervical mucosa are not 
general but are confined to the crest of the folds. Here there is a more.or less 
diffuse hemorrhagic zone the average depth of which is about one hundred 
and fifty microns. The epithelial changes over these areas, while marked are 
not extensive. At places they are shrunken to one-half their normal height 
and many of them show no nuclei, at other places where there are extensive 
sub-epithelial hemorrhages the epithelium shows no changes. In a few 
scattered areas the epithelium is denuded. The sub-epithelial capillaries are . 
engorged and there are many diffuse sub-epithelial hemorrhages. There is 
no well marked leucocytic infiltration of the hemorrhagic areas although in a 
few small areas there appears to be a slight increase in the number of leu- 
cocytes. There is but little evidence of reaction on the part of the fixed con- 
nective tissue cells in the hemorrhagic areas. In the pits formed by the folds 
and in the tubular depressions the mucosa shows no changes. 

There is a superficial necrosis of the uterine mucosa, involving in most 
places only the superficial epithelium. In a few places however, the necrotic 
process dips down into the stroma. The epithelium is denuded in places, 
where present it varies from six to twenty microns in height and the nuclei 
are unstained. In places there is a sub-epithelial zone varying in depth from 
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eighty to five hundred microns, in which the nuclei of the cells are more faintly 
stained and edema more marked than in the deeper portions. The blood 
vessels of the stroma are engorged and there is marked edema, and in places 
numerous leucocytes are seen in the edematous areas. 

The glandular changes are not marked. Only in a few areas is there any 
evidence of slight necrosis of the superficial glands. 


Case No. 4 


Clinical Condition and Treatment: Other than the vaginal and cervical 
secretions being rather abundant no alterations of the reproductive organs . 
could be detected clinically. Two ounces of menthol-iodine-glycerine pre- 
paration were injected into the uterine cavity and the cervix swabbed with 
same. The animal was killed forty-eight hours after treatment. 


Macroscopic Examination: The cervical mucosa is considerably reddened 
and shows numerous hemorrhages, especially near the borders of the trans- 
verse folds, except that portion of the mucosa protected by the overlying 
folds which is but slightly congested. There is a small amount of fibrous 
exudate in cervical canal. The uterine mucosa is congested and shows numer- 
ous small hemorrhages and the surface is covered with a rather abundant 
coagulated fibrinous exudate. This exudate extends into the anterior ends 
of the horns but is less abundant there than toward the posterior end. The 
deeper portion of the uterine wall is edematous. 


Histological Examination: There is but little evidence of necrosis of the 
cervical epithelium. The sub-epithelial capillaries are engorged and there are 
numerous more or less diffuse hemorrhages along the crest.of the folds. Only 
in places are hemorrhages seen in the region of the pits. Considerable edema 
is seen in places in the stroma. In the uterme mucosa there is a diffuse super- 
ficial necrotic and hemorrhagic zone to an average depth of five-tenths milli- 
meter. Just below this there is a distinct zone of leucocytes, principally 
polymorphonuclears and lymphocytes. At places the necrotic zone is sepa- ° 
rated from the underlying stroma by a longitudinal fissure as if being de- 
taehed. There is engorgement of the capillaries and edema throughout the 
stroma. 


Case No. 5 


Clinical Condition and Treatment: The vaginal secretions were excessive, 
slightly more tenacious than the secretions of estrum, and contained a few 
flakes of pus. The cervical mucosa normal in color but excessively moist. 
Right horn of uterus slightly larger than the left, otherwise no alterations 
could be detected clinically. One ounce of Lugol’s solution diluted with one 
ounce of water was.injected into uterine cavity and cervix swabbed with 
undiluted Lugol’s solution. The animal was killed seventy-nine hours after 
treatment. 


Macroscopic Examination: There is about one ounce of a sero-mucus 
exudate in the vagina. There are a few small hemorrhages in the ventral 
vaginal mucosa posterior to the external os. The cervical mucosa is moist 
but slightly congested and shows a number of petechial hemorrhages. The 
right uterine horn is slightly enlarged. There is a coagulated fibrinous exudate 
in the cavity of the right horn extending. well toward the anterior end. . The 
mucosa. is not uniformly congested but the congestion.is more intense in the 
anterior two-thirds and along the crest of the folds. Between the folds, the 
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mucosa is but slighlty congested. The uterine wall is edematous. There is 
a smaller quantity of a sero-fibrinous exudate in left horn than in right, the 
mucosa is not congested and is moist. 


Histological Examination: The epithelium of the posterior cervix is 
squamous except in the tubular depressions and shows considerable mucoid 
changes. At some points the superficial cells have elongated and shrunken 
nuclei and the cytoplasm is more densely stained than is seen in the normal 
condition. This somewhat resembles the superficial layers.of the cutaneous 
epithelium and possibly. illustrates the process of exfoliation of the cells injured 
by the treatment. In the deeper layers of the epithelium the nuclei are larger 
and vesicular and numerous mitotic figures are seen. The epithelium of the 
middle cervix is simple columnar and shows the same condition seen 
in the post cervix except in a few places it appears as a necrotic membrane. 
At places there is marked eosinophilic infiltration of the sub-epithelial stroma. 

In the posterior end of the right horn the epithelium varies from four to 
twenty-four microns in height. The cells are deeply stained and numerous 
mitotic figures are seen. At places there are epithelial buds projecting above 
the surface to a height of forty microns at some points. This is interpreted 
as excessive regeneration.. The tips of these buds have a greenish tinge which 
is probably a necrobiotic condition. At places along the surface the epithelium 
is denuded and the process of the adjacent cells flattening and extending out 
over the denuded area, and the intermediate stages of regeneration can be 
distinctly seen. In the middle portion of the right horn the epithelium is 
denuded although in places the necrotic epithelial membrane is present but 
is separated from the stroma by exudate consisting of coagulated fibrin and 
numerous polymorphonuclears. Here the mucosa varies from two to six mm. 
in thickness and there is a distinct superficial zone averaging about eight- 
tenths mm. in thickness in which the capillaries are engorged and the tissue 
more or less necrotic. Numerous leucocytes are seen in this zone. There is 
some evidence of proliferation of the fixed connective tissue cells at the border 
line of this zone and the more deeply seated stroma. In the anterior end of 
the right horn the necrotic epithelium remains throughout most of the sections 
studied. The same hemorrhagic and necrotic zone is seen as described .in 
middle portion. The necrotic tissue is densely infiltrated in places with 
leucocytes. At places the superficial part of this zone including the epithelium 
and part of the stroma is beginning to slough by a process of liquefaction 
necrosis. At other places a layer of simple squamous epithelium is seen 
covering the eroded areas where the necrotic zone is still present but being 
separated by liquefaction necrosis. In places this may be seen at a depth of 
one mm. from the surface and is seen to result from a proliferation of the 
epithelium of the gland ducts. This observation illustrates that regenera- 
tion of the epithelium may be initiated even before the superficial necrotic 
tissue is sloughed and testifies to the logic of the adage “There is in the tissues 
an almost insuperable tendency to heal.’’ This capacity of the epithelium to 
initiate regeneration at an early time after irritation with destruction is of 
importance in preventing the growing together of surfaces of mucous mem- 
branes that are in contact where the epithelium and superficial parts of the 
stroma have been destroyed by irritation, a condition which does occur at 
times,.as 1s sometimes seen after swabbing the cervix with irritants. This 
property of epithelium also explains the difficulty of surgically eliminating 
fistulous tracts that have become lined with epithelium. 

In the left horn the process of repair of the mucosa is more advanced. The 
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necrotic zone has largely sloughed and the surface is more generally covered 
with epithelium. At places the epithelium is only six to eight microns in 
height, at other places it shows extensive budding and is in excess of the nor- 
mal height. There is no apparent leucocytic infiltration of the stroma, no 
marked fibrosis and the sub-epithelial zone is assuming a more normal con- 
dition. 


Case No. 6 


Clinical Condition and Treatment: The record of the clinical examination 
of this case before treatment was lost. Two ounces of menthol-iodine-glyce- 
rine preparation was injected into the uterus and the cervix swabbed with 
the same preparation. The cow was slaughtered seventy-eight hours after 
treatment. 


Macroscopic Examination: There is about one ounce of mucus exudate 
streaked with pus, in the vagina. The vaginal mucosa shows a few small 
hemorrhages. The dorsal portion of the cervical mucosa is considerably 
congested. There are a few hemorrhages on the crests of the transverse folds, 
particularly in the posterior half of the cervix. Aside from the dorsal portion, 
the mucosa of the anterior half is more nearly normal. There is no coagulum 
in the uterine cavity. The color of the mucosa is a fairly uniform slightly 
erayer than the normal mucosa. There is present a small quantity of mucus 
and the mucosa is moist and glistening. 


Histological Examination: Except for some mucoid degeneration of the 
epithelium and a few sub-epithelial hemorrhages, the cervical mucosa is 
normal. The uterine mucosa is covered with epithelium, although in places 
it is only four to eight microns in height. There is a more or less distinct sub- 
epithelial zone in which there is some leucocytic infiltration. There are no 
alterations in the deeper portions of the stroma. Here and there, near the 
surface a gland is seen in which there is an epithelial cast. In these cases the 
glandular epithelium has been regenerated. Occasionally a distinct localized 
small round cell infiltration of the sub-epithelial zone is seen. (It is surprising 
that so few alterations are seen in this case.) 


Case No. 7 


Clinical Condition and Treatment: The vaginal and cervical secretions 
were slightly more abundant than is seen normally. The ventral portion of 
the second transverse cervical fold was hypertrophied and congested. No 
alterations of the uterus could be detected. One ounce of undiluted Lugol’s 
solution was injected into uterus and the cervix swabbed with the same 
preparation. The animal was slaughtered eleven days and five hours after 
treatment. 


Macroscopic Examination: The ventral portion of the second transverse 
fold of cervical mucosa is hypertrophied but the color is normal. There is a 
small quantity of slightly adhesive clear exudate in cervical canal. The uterine 
mucosa is a uniform, yellowish gray color. There is no abnormal exudate. 


Histological Examination: There are no alterations of the cervical mucosa. 
The mucosa of the right horn is covered by a continuous layer of epithelium. 
The sub-epithelial zone of the stroma does not appear to be as cellular as is 
seen in the normal uterus. There are no other alterations of the right horn. 
The mucosa of the left horn is also covered by a continuous layer of epithelium. 
There is no distinct sub-epithelial cellular zone but this layer is more fibrous 
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than in the normal uterine mucosa. The mucosa varies from six to eight mm. 
in thickness. It is not conceivable that this thickening is the result of the 
treatment administered eleven days ago. If such were the case there would 
now be evidence of an active fibrosis. It is more probable that it is due to a 
previous inflammation. 


Case No. 8 


Clinical Condition and Treatment: ‘The cervical secretions were fairly 
abundant and streaked with blood as in the beginning of menstruation. Cer- 
vical mucosa not congested. Uterus firm, tense as if in heat. One ounce of 
undiluted Lugol’s solution of iodine was injected into uterus and the cervix 
was swabbed with the same preparation. The animal was slaughtered eleven 
days and six hours after treatment. 


Macroscopic Examination: Cervical mucosa is apparently normal. Near 
the posterior end of the left horn there is an irregularly cylindrical fibrous 
coagulum one em. by four em. The mucosa at this point is roughened. 
Externally over this lesion which appears to be traumatic is a slightly raised 
area showing a few fibrous tags. Just below the internal os there is a 
hematoma about two and one-half em. in diameter, in the uterine wall. 
The uterine mucosa is apparently normal with the exception noted above 
and the presence of a few distinctly injected sub-epithelial blood vessels in 
the uterine body and posterior end of left horn. 


Histological Examination: There are no alterations in the mucosa of the 
uterine body and left horn except in proximity to the lesion described in 
gross. Here there is a small amount of exudate adherent to the surface and 
in places the epithelium is denuded. At places the epithelium is only six to 
eight microns in height, possibly indicating that regeneration is not yet com- 
plete. In the right horn, there are areas where the epithelium is only six to 
eight microns in height. At places there is a distinct periglandular fibrosis 
in the stroma although the periglandular tissue partakes of the nature of 
adult connective tissue and therefore is not likely the result of the treatment 
administered eleven days ago. 


Case No. 9 


Clinical Condition and Treatment: The cervical secretions were moderate 
in amount, clear and adhesive as in pregnancy. No alterations of the uterus 
could be detected clinically. One ounce of undiluted Lugol’s solution of 
iodine was injected into uterus and the cervix swabbed with the same prepa- 
ration. The animal was slaughtered fourteen days and six hours after treat- 
ment. 


Macroscopic Examination: Cervical secretions are clear, and fairly abun- 
dant. The cervical mucosa is normal in appearance. The uterine mucosa is 
of a fairly uniform grayish yellow color and is moist and glistening except for 
a small area about three cm. in diameter near the middle portion of the right 
horn. Here the mucosa appears to be sprinkled with a very small quantity of 
coagulated exudate giving it a ground glass like appearance. 


Histological Examination: No alterations are observed except for a small 
area in the right horn described in gross. Here there is observed in places, 
epithelial buds projecting above the surface. These have been described in 
a previous case and are interpreted as preverted or excessive regeneration of 
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the epithelium. It is quite possible that these buds disappear in time since a 
condition which is interpreted as necrobiosis has been observed in them. 


Case No. 10 


Clinical Condition and Treatment. The cervical secretions were scant, 
slightly cloudy and adhesive. The second transverse fold of mucous membrane 
was hypertrophied and protruding through the external os. No enlargement 
of the uterus could be detected clinically. One ounce of undiluted Lugol’s 
solution was injected into the uterus and the cervix was swabbed with the 
same preparation. The animal was slaughtered fourteen days and six hours 
after treatment. 


Macroscopic Examination: ‘The second transverse fold of the cervical 
mucosa is hypertrophied but the color is normal. Cervical secretions are not 
abundant but adhesive. At the lower border of the third fold there is a friable 
adhesion between two of the elementary folds. There are two fetuses appar- 
ently four or five weeks old, normal in appearance, in the left horn. The color 
of the uterine mucosa is fairly uniform and norma! in appearance. There is 
an adhesion between the right horn and the anterior border of the bladder. 
Also about four inches from the anterior end of the right horn there is another 
adhesion between the right horn and the adjacent structures. These adhesions 
are of recent origin as they are easily detached. To the right and below the 
posterior end of the right horn there is a cavity between the folds of the broad 
ligament two inches by three inches in diameter containing a straw colored 
fluid and a coagulated fibrino-sanguineous mass. This is evidently a 
hematoma in the process of absorption. _ This cavity extends up to within a 
few centimeters of the ventral floor of the right horn but there is no evidence 
of perforation of the mucosa. 

It is remarkable that the twin fetuses had survived the treatment admin- 
istered fourteen days previous. The only logical explanation apparent to 
the writer is that the embryos had not descended into the cavity of the horn 
at the time of treatment. 

No histological examination was made of this case. 


Case No. 11 


This case differs from the above ten in that she was treated by the author 
for pyometra with what might be considered from a clinical standpoint fairly 
satisfactory results. Since she was not a particularly valuable cow and the 
author was anxious to make a histological examination of the reproductive 
organs to determine the effects of heroic treatment on the uterine mucosa the 
owner kindly consented to slaughter her for beef. 


History: Animal calved, apparently normally, about the first of December 
1918. On December 24, 1918 the author’s attention was called to this case 
on account of a vaginal discharge. Examination demonstrated considerable 
pus in uterus, due to Streptococcus pyogenes infection. 

The uterus was douched with warm physiological salt solution and then 
two ounces of 50 per cent Lugol’s solution of iodine was introduced into the 
uterus. The author did not see the cow again until January 25th, 1919 at 
which time there was about one pint of thick creamy pus in the uterus. The 
uterus was douched with a weak solution of coal-tar product and then one 
ounce of a 50 per cent solution in olive oil of a proprietary preparation consist- 
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ing essentially of oil of tar, oil of peppermint and other volatile oils was in - 
jected into the uterus. 

January 27th, no improvement, same treatment given as on January 25th. 

January 29th, no improvement, same treatment given as on January 27th. 

January 3lst no improvement, irrigated uterus with weak solution of coal 
tar product followed by an injection of three ounces of 5 per cent solution 
of formalin. 

February 7th some improvement noted. There is:some pur ulent exudate 
in the uterus but not so much as at last treatment. Irrigated uterus with 
warm physiological salt solution and injected three ounces of 5 per cent solu- 
tion of formalin into the uterus. Animal manifested severe uterine pain 
immediately following this treatment. 

February 14th still considerable pus in the uterus. Irrigated uterus with 
salt solution and injected two ounces of undiluted Lugol’s solution of iodine 
into the uterus. 

February 19th, considerable improvement noted, very little pus found in 
the uterus. Uterus irrigated with salt solution to which was added about 
0.5 per cent of a coal tar product. 

February 25th, marked improvement, no pus in the uterus but right horn 
slightly enlarged. Wall thickened but no fluctuation. Cervical secretions 
excessive, slightly adhesive but practically clear. The cow was given vaginal 
douche of 1 per cent sodium bicarbonate and three-fourths of 1 per cent 
sodium-chloride solution. No further treatment was given and the animal 
was slaughtered for beef May 12, 1919. 


Macroscopic Examination: External os slightly dilated but folds not 
apparently hypertrophied. Cervical canal ten cm. long, contains consid- 
erable clear mucus as in heat. Body of uterus three cm. long. Mucosa of 
grayish drab color apparently uniform. There is what appears to be a radiat- 
ing cicatrix about one cm. in length by six mm. wide just anterior to the 
internal os. The right horn is about one-half larger than left horn and ap- 
pears edematous. On section mucosa is of a grayish drab color fairly uniform 
though apparently more vascular in the dorsal than in the ventral part. 
Mucosa is apparently thickened and edematous. There is present some clear 
mucus. The cotyledons are apparently normal in number, vary in size from 
three to six mm. in diameter and the center of the cotyledon is more vascular 
than the periphery, the latter having a grayish yellow appearance. On close 
examination the gland mucosa is not uniform but there are numerous inter- 
crossing and irregular small grayish lines which may represent the inter- 
glandular tissue. The left horn is very slightly if any enlarged and on section 
the mucous membrane appears edematous though the thickening is not so 
great as it is in the right horn. It has the same general appearance. Left 
oviduct is normal, left ovary is oval, four and one-half cm. in its greatest 
diameter and contains a cyst-like structure about one cm. in diameter and 
numerous small immature folicles. There has apparently been some con- 
traction of the ovarian ligament between the anterior end of the right horn 
and ovary. The.ligament is thickened at this point and the right oviduet 
is not observable except on close examination. The oviduct does not appear 
enlarged. Right ovary is about four cm. in length and contains a corpus 
luteum about one cm. in diameter. 


Histological Examination: The mucosa of the cervix is covered in its pos- 
terior part by a stratified epithelium fifty microns high. Anteriorly, the 
epithelium is simple and averages about sixteen microns in height: In places 
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the mucoid changes are well marked, in others they are absent. The sub- 
epithelial zone is but slightly cellular. The mucosa of uterine body varies in 
thickness from one and one-half mm. (in scar like area) to three mm. and is 
covered by an epithelium twelve to fourteen microns in height. The epithelium 
over the scar like area shows marked mucoid changes. Here the stroma is 
very dense and contains no glands. In the other portions of the uterine 
mucosa the sub-epithelial cellular zone is not distinct but is distinctly more 
fibrous than normal. There is a conspicuous diminution in the number of 
glands. Areas of a square mm. or more are seen in which there are no glands. 
However, numerous glands are seen with apparently normal epithelium. At 
one point, between a vein and artery, is seen a focus of transitional fibroblasts 
four hundred eighty by eight hundred microns in size. The mucosa of the 
horns varies from three to seven mm. in thickness and is covered by an 
epithelium ten to sixteen microns in height. In the epithelium are seen a few 
oval shaped cyst-like structures averaging eight by sixteen microns in size 
and containing a yellowish granular substance. The sub-epithelial zone is 
denser and slightly more cellular than the deeper portion of the stroma but 
the differentiation is not so distinct as in the normal uterus. There is a di- 
minution in the number of glands and many glands with atrophic epithelium 
are seen but there are also many apparently normal glands. The peri- 
glandular tissue in general is slightly more cellular than the interglandular 
tissue, giving rise to the appearance observed in gross. 

It was surprising to the writer that more fibrosis of the uterine mucosa with 
atrophy of the epithelium had not resulted from the pyometra and drastic 
treatment that had been administered. 


SUMMARY 


The injection of one ounce of Lugol’s solution of iodine either undiluted 
or diluted with an equal volume of water, into the uterine cavity 
of the cow produces an acute fibrinous endometritis with superficial 
necrosis of the mucosa varying in depth from twenty microns to 
one millimeter. Injection of one or two ounces of menthol-iodine- 
glycerine has the same effect. Marked superficial necrosis is apparent 
the day following injection and sloughing of the necrosed tissue by a process 
of liquefaction necrosis is observed in forty-eight hours after treatment. 
Regeneration of the epithelium may be observed as early as seventy-eight 
hours after treatment, resulting in the partial covering of the eroded surface 
before the necrotie zone is completely detatched. This covering of epithelium 
results from a proliferation of the epithelium lining the gland ducts in case the 
superficial epithelium has been completely destroyed. Other than marked 
edema and engorgement of the blood vessels there is but little evidence of the 
effects of such treatment upon the deeper portions of the uterine mucosa. 
Out of ten cases treated there were three in which the treatment apparently 
caused the rupture of a blood vessel resulting in a hematoma. In one of these 
the cow was in heat, in another there was evidence of menstruation and the 
third was pregnant. In view of the fact that in each of these conditions there 
is an engorgement of the blood vessels, the thought is suggested that such 
treatment about the time of estrum or menstruation may be a dangerous 
practice. 

The effects of swabbing the cervical mucosa with concentrated preparations 
‘of iodine are limited almost entirely to the crest of the folds. Here there is 
more or. less necrosis of the epithelium with necrosis and capillary hemor- 
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rhages in the sub-epithelial tissue. In the pits and in the tube-like depressions 
there is little or no effects of treatment. The results illustrate that it is im- 
possible to disinfect, even the surface of the cervical mucosa by the application 
of such preparations. Where beneficial results follow such treatment it is 
more likely that the good results are due to the inflammatory reaction of the 
tissues rather than to the destruction of bacteria. The inflammatory reaction 
is the expression of the mechanism of defense and repair in which more blood, 
meaning more leucocytes, more bactericidal substances, and more nutrition, 
are brought to the part. This with the greater activity of the tissues to over- 
come the destruction wrought by the drug incidentally overcomes the in- 
fection. 

The condition found in cases seven, eight and nine indicate that repair is 
more or less complete in about two weeks from treatment. There is but 
slight, if any, evidence that any appreciable fibrosis results from one treat- 
ment of this nature. The thought is suggested by these observations that 
less fibrosis is likely to result from such treatment than might result from 
milder irritation over a longer period of time. 

Grateful acknowledgment is here given to Prof. R. H. Pettit and Miss 
Eugenia McDaniel of the Department of Entomology for making the photo- 
micrographs illustrating this bulletin. 


EXPLANATION OF PLATES 
Plate I. 


Fig. 1. Case No. 27. Cysts in the uterine mucosa; X 10. 
Fig. 2. Case No. 27. Stratified and cornified epithelium over a 
cotyledon; X 200. 


Plate II. 


Fig. 3. Case No. 28. Superficial necrosis of cotyledon in pyometra 
ten days after aborting. The crypts are poorly defined; X 72. 


Fig. 4. Case No. 29. Uterine mucosa. Superficial necrosis, a, and 
leucocytic infiltration, b, of gland mucosa. In the process of 
healing sloughing wou!d take place at c; X 72. 


Plate III. 


Fig. 5. Case No. 30. Superficial necrosis and leucocytic infiltration 
of gland mucosa. At a, a thrombus is seen in a bloodvessel; 
X 72. 


Fig. 6. Case No. 30. Superficial necrosis and leucocytic infiltration of 
both the region of the cotyledon and gland mucosa. At a, 
and b, thrombi are seen in vessels; X 72. 


Plate IV. 
Fig. Case No. 3. Cervical mucosa twenty-nine hours after treat- 
ment with Lugol’s solution of iodine diluted with an equal 
volume of water. At the crest of the folds, a, the epithelium 
is shrunken and poorly stained. There are numerous 
petechial hemorrhages in the subepithelial tissue, b. In the 
pits, c, no effect of the treatment is seen; X 72. 
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Fig. 8. 
Plate V. 
Fig. 9. 
Fig. 10. 
Plate VI. 
hig. ot, 
Fig. 12. 
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Case No. 3. Uterine mucosa; the epithelium is intact but 
necrotic, a. Note the engorgement of the blood vessels, 
b; X 72. 


Case No. 3. Uterine mucosa; here the epithelium is denuded, 
a, and there is a distinct edematous and necrotic zone, b. 
Marked leucocytic infiltration is seen at c; d indicates the 
line at which sloughing would have taken place; X 72. 


Case No. 4. Superficial necrosis of a cotyledon forty-eight 
hours after treatment with menthol-iodine-glycerine solution; 
a indicates where sloughing would have taken place; X 72. 


Case No. 5. Uterine mucosa seventy-nine hours after treat- 
ment with Lugol’s solution of iodine diluted with an equal 
volume of water. Sloughing of the necrotic zone by lique- 
faction necrosis, a. At b, is seen what would have been the 
surface of the recovered mucosa; here, there is a layer of. 
simple squamous epithelium which, normally, would have 
grown into simple columnar; at ¢, is seen a portion of the wall 
of a gland duct from which the epithelium is flatening and 
growing out to cover the eroded surface. Observe that the 
surface is being covered with regenerating epithelium before 
the necrotic zone is completely detached; X 72. 


Case No. 9. Uterine mucosa fourteen days and six hours after 
treatment with undiluted Lugol’s solution of iodine. No 
fibrosis can be seen; X 72. 
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PLATE I.—FIGURE 2. 
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PLATE II.—FIGURE 3. 


PLATE II.—FIGURE 4. 
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PLATE III—FIGURE 6. 
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PLATE IV.—FIGURE 8. 
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PLATE V.—FIGURE 10.. 
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PLATE VI—FIGURE 12. 
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THE COMPARATIVE PATHOGENICITY OF SEVERAL STRAINS 
OF BACTERIUM ABORTUS (BANG) 


Technical Bulletin No. 55 


BY I. FOREST HUDDLESON 


Since the isolation and description of Bact. abortus by Bang in 1898, a large 
number of strains have been isolated by various workers in this country and 
in Europe. No data, however, have appeared which pertain to a study of 
the pathogenic relationship and an attempt at grouping of the various strains 
isolated. A study of this nature, if conducted upon suitable animals, should 
reveal differences in the various strains of Bact. abortus as regards the pro- 
duction of characteristic lesions or the symptom of abortion (premature 
expulsion of the fetus). The above pathogenic properties of Bact. abortus 
need no discussion as detailed descriptions and discussions of both have pre- 
viously appeared in publications. 

It is a well known fact that individual members of a species of a micro- 
organism may be so related that it is impossible to differentiate or group 
them as to their pathogenic properties by studying their morphological, 
cultural and biochemical characteristics. Such a differentiation of individual 
strains may be made possible if their pathogenic properties are studied in 
vivo. In other words, pathogenic and non-pathogenic, and intermediate 
strains may be distinguished. Further, a loss of virulence as a result of long 
cultivation upon an artificial medium may be discovered by studying the 
pathogenic properties of each individual strain. 

The importance of a knowledge of the pathogenic properties of strains of 
Bact. abortus becomes obvious when one desires to produce, experimentally, 
abortion in pregnant animals, or to determine the efficacy of various pro- 
phylactic and therapeutic measures in controlling the disease. 

A preliminary experiment was begun in the fall of 1916 to determine if 
there was a difference in several strains of Bact. abortus as regards their 
ability to produce lesions in the organs of guinea pigs following inoculation. 
Several of the cultures used were isolated from material received at this 
laboratory, and several were received from other laboratories. The experi- 
ment was not completed at this time for various reasons, but the data col- 
lected indicated that there was sufficient difference to warrant further study. 
In January, 1920, the problem was again taken up for further study with 
the same strains and additional strains. 


METHOD OF STUDY 


The guinea pig was used for these studies as its high degree of susceptibility 
toward Bact. abortus as regards characteristic tissue changes had been demon- 
strated in previous experiments. In order to produce these changes it is 
necessary that the inoculum consist of the optimum number of living or- 
ganisms. The dosage should not be too large. The writer has confirmed 
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the observation of Fabyan (1) that a large percentage of pigs will develop 
various complications in less than ten days after too heavy an inoculation, 
which usually terminates in death before macroscopic changes appear in the 
spleen and liver. 

Following the inoculations, sufficient time was permitted to elapse for the 
development of characteristic lesions in the spleen and liver of the pigs. An 
autopsy was then made, all anatomical changes were noted, all spleens and 
livers were cultured for the presence of Bact. abortus and a blood sample was 
taken for determining the presence of complement-fixing and agglutinating 
antibodies for Bact. abortus. 


Inoculation. A loopful of each culture was planted into tubes of liver 
infusion broth (pH. 6.6) and incubated at 37° for forty-eight hours. One- 
half cubic centimeter of the broth culture was inoculated intra-abdominally 
into each of two guinea pigs ranging from 300 to 600 grams in weight. The 
pigs were placed in cages after inoculation and observed for a period of ap- 
proximately twelve weeks. 


Autopsy. At the end of the foregoing period the pigs were chloroformed 
and the abdominal and thoracic cavaties exposed, and all anatomical changes 
occurring in the organs noted. 


Bacteriological Examination. Small bits of tissue from suspicious 


lesions, and from the spleen and liver of each pig were streaked over the: 


surface of a liver agar (pH. 6.6) plate. The plates were placed in jars in 
which 10 per cent of the air was replaced by CO: gas, sealed and then incu- 
bated at 37° C for three days. The presence or absence of colonies of Bact. 
abortus was noted in each case. 


Complement-Fixation Test. The antigen for the test was prepared by 
growing several strains of Bact. abortus on liver agar for forty-eight hours. 
The growth was then removed with sterile physiological salt solution to which 
had been added 0.5 per cent phenol, and shaken mechanically for four hours. 
The turbidity of the suspension was standardized to tube three of the Mc- 
Farland (2) nephelometer and titrated for its anticomplementary dose. The 
unit used in the test was usually one-third of the anticomplementary unit. 

All sera were inactivated in the water-bath at 56° C for one-half hour and 
used in amounts of 0.1, 0.04, 0.02, and 0.005 c. c., and a fifth control tube of 
0. Leon: 

The tests were conducted with the ~sheep-rabbit hemolytic system using 
two units of hemolysin and 0.5 ce. c. of a 2 per cent suspension of sheep cells 
in all titrations. 

The first and second incubations were conducted in the water-bath at 
37° C for one-half hour. At the end of the second incubation the results were 
recorded as positive in tubes showing no hemolysis, partial in tubes showing 
any degree of hemolysis and negative in tubes showing complete hemolysis. 


Agglutination Test. The antigen for the agglutination test was pre- 
pared by growing several strains of Bact. abortus on liver agar for forty-eight 
hours, removing the growth with sterile physiological salt solution to which 
was added 0.5 per cent phenol, mechanically shaking for four hours and then 
standardizing to a turbidity of three of the McFarland (2) nephelometer. 
It might be mentioned here that the turbidity of the antigen is a very im- 
portant factor in the agglutination test. An antigen of a turbidity less than 
three is very unsatisfactory owing to the occurrence of “pro-agglutination”’. 


~ > 
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In the tests, two cubic centimeters of antigen were placed in each of four small 
test tubes and the following quantities of serum added: 0.05, 0.025, 0.01, 
0.005 c. c. The tubes were incubated either at 56° C for two hours in the 
water-bath or in a dry incubator at 37° C for twelve hours. The final results 
were practically the same for both methods of incubation. The results were 
recorded as positive in complete clumping of the antigen, partial when the 
supernatent liquid was not entirely clear and negative in the absence of 
clumping. 


HISTORY OF STRAINS 


Each culture of Bact. abortus employed in these studies except Strain 1, 
has on some previous occasion, produced characteristic lesions and enlarged 
spleen in inoculated guinea pigs. The date of isolation and origin of Strain 1 
is not known, nor is there a past record which shows that it was at one time 
virulent. The two strains, No. 1 swine and 2010, isolated from fetuses of abort- 
ing swine are indistinguishable from Bact. abortus, Bang. The dates of the 
isolation of the English and German strains are not known. The former 
English strain was obtained from the Royal Veterinary College in England 
and the German strain from Dr. Oldt of Berlin. When the two strains were 
first brought to this country they produced pronounced lesions in guinea pigs. 
Bact. melitensis 1 has no history of ever being virulent. Bact. melitensis 22 
was classed as non-virulent, Bact. melitensis 27 as virulent by Dr. K. F. 
Meyer of the University of California. 


RECORDS AND RESULTS 


As shown in Table II, the first comparative study was conducted in 
January, 1920, using twelve strains of Bact. abortus which were isolated from 
aborted fetuses or naturally infected milk from cattle. The second study 
was conducted in April, 1921, and the third in August, 1921. There were 
altogether twenty-one strains included in the second and third studies, twelve 
strains of which were employed in the first study. The three strains of Bact. 
melitensis were introduced into the study for the purpose of comparing their 
lesion-producing properties with those of Bact. abortus. 

In Table II, it is clearly shown that of the first twelve strains employed; 
five (1, 2, 3, 805 and 16) did not produce lesions in the first inoculation series, 
nine (1, 2, 3, 805, J, E, C, Germany and England) did not in the second 
series; and ten (1, 2, 3, 805, 7, 16, J, E, Germany and England) did not in 
the third series. Strain 16 appeared non-virulent in the first series, virulent 
in the second and non-virulent again in the third series of inoculations. 
Strain C, appeared virulent in the first series, non-virulent in the second 
and virulent again in the third series. There were four strains, as indicated 
above, which proved to be non-virulent in all three series of inoculations. 
Of the nine strains added in the second series of inoculations, two (Strains 
No. 1 Swine and W) appeared to be non-virulent in the second series of 
inoculations, and four of the nine (Strains No. 1 Swine, W, 2010, and 100) 
appeared non-virulent in the third series of inoculations. There were two of 
the nine strains, as indicated above, which proved to be non-virulent in both 
series of inoculations. There were altogether five strains which failed to 
produce lesions in guinea pigs throughout the studies. The strains were 1, 2, 
3, 805, No. 1 Swine and W. Only one strain, 6, produced typical lesions and 
enlarged spleens in all three successive series of inoculations, and only seven 
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of the total twenty-one strains appeared to show any degree of virulence in 
the last series of inoculations. 

Bact. melitensis 1 and 22 failed to produce lesions on all series of inocula- 
tions. Bact. melitensis 27, produced lesions in duplicate pigs consistently. 
Cultural findings were negative in pigs receiving injections of Strains 1 and 
22 (melitensis), and positive in pigs receiving Strain 27 (melitensis) only. 
None of the guinea pigs inoculated with Bact. melitensis 22 developed serum 
agglutinins or complement-fixing antibodies for Bact. abortus. Guinea pigs 
receiving Bact. melitensis 27 developed serum complement-fixing antibodies 
for Bact. abortus to a marked degree, but very little agglutinins. The sera 
of the inoculated pigs were not titered against an antigen made from Bact. 
melitensis. 

Table III shows the comparative weights of the pigs before inoculation 
(April 29, 1921) and before autopsy (July 25, 1921). Pigs showing lesions 
from the inoculation of Strains 6, 7, 16, 20, 200 and L decreased in weight 
from ten to one hundred grams. Those showing the presence of lesions from 
the inoculation of Strains 22 and 100 increased in weight. In all pigs showing 
the absence of lesions from inoculation there was a marked increase in weight. 

Of the twelve original strains studied, four consistently failed to produce 
lesions in guinea pigs on inoculation. These findings indicate that their 
virulence had disappeared in so far as producing tissue changes in the guinea 
pig are concerned. Six strains became non-virulent during these studies, 
and two gave inconsistent results. Of the nine new strains added in the 
second series of inoculations four became non-virulent. Altogether, ten 
strains became non-virulent before the series of studies were completed. Of 
all the strains studied number 6 appears to be the most interesting as regards 
lesion production in guinea pigs. This strain is perhaps the oldest in the 
laboratory, yet in contrast with the other strains studied it has consistently 
produced characteristic lesions in the spleen of guinea pigs on inoculation. 
Table II, clearly shows that the gross changes occurring in the spleens of 
pigs autopsied in November, 1921, were not so extensive as those occurring 
in pigs inoculated with the same strains and autopsied in July, 1921. One 
might infer from these results that there are many more of the strains gradually 
losing their virulent properties. 

The tissue changes produced in guinea pigs by virulent strains of Bact. 
melintensis cannot be distinguished from those changes produced by virulent 
strains of Bact. abortus. Bact. melitensis 27, stimulated the production 
of antibodies for Bact. abortus in the serum of the guinea pig to a high 
degree. Strains 1 and 22 (melitensis) stimulated very little antibody 
production for Bact. abortus. The difference in antibody production is prob- 
ably due to the group difference of the strains of Bact. melitensis. The group- 
ing of Bact. melitensis and the relations of the various groups to Bact. abortus 
has been clearly demonstrated by Fusier and Meyer (3). 

It was found that as a general rule the cultural findings agreed with the 
presence of lesions and enlarged spleens. In other words, whenever charac- 
teristic lesions were present, Bact. abortus was also present. In the absence 
of lesions or enlarged spleens Bact. abortus could not be found. 

It is interesting to note in Table II, that there was a marked decline in 
serum agglutinins and complement-fixing bodies in pigs showing no enlarged 
spleen or lesions. In fact the blood serum of several of these pigs was nega- 
tive to one or both tests at the time of autopsy; while in pigs showing charac- 
teristic lesions the antibody content of the blood serum, as indicated by the 
serological tests, was as a rule, very high. These negative findings indicate 
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that many strains of Bact. abortus possess very low invasive properties. It 
is possible that those strains may have invaded the tissues shortly after 
inoculation, and could have been isolated therefrom if cultured at that time. 

It was noted in this study that many guinea pigs showed a marked variable 
susceptibility toward Bact. abortus. For example, occasionally one pig of a 
duplicate would show an acute diarrhea and become extremely emaciated in 
less than five days after inoculation, and succumb shortly after the appearance 
of symptoms. The anatomical changes noted in such cases were a fibrinous 
peritonitis or a pleuro-pneumonia. Occasionally inoculated pigs show paraly- 
sis of the hind parts or enlarged joints. 

The apparent failure of Strains 16 and C (abortus) to produce lesions in 
guinea pigs in each series of inoculations may be explained from the fact that 
individual pigs are refractory to Bact. abortus infections. The variable suscept- 
ibility of guinea pigs to infection renders one inoculation test inconclusive 
in attempting to classify virulent and non-virulent strains of Bact. abortus 
by this procedure. 

It is clearly shown in Table III that there was a decrease in the weight of 
pigs inoculated with strains of Bact. abortus which had not lost their lesion- 
producing property. There were, however, exceptions to this rule which are 
difficult to explain. In not a single case was there a decrease in the weight of 
pigs which showed the absence of lesions. The failure of pigs to lose weight 
cannot always be accepted as a criterion of non-invasion by Bact. abortus. 

While these studies have not lead to a definite grouping of strains of Bact. 
abortus as regards lesion production, they have, however, demonstrated con- 
clusively that there exist: many strains which will not produce characteristic 
lesions in the organs of guinea pigs on inoculation. The lack of this property 
is undoubtedly not inherent, but results from long cultivation upon an 
artificial medium. The gradual loss of the lesion-producing property is 
demonstrated in these studies. The loss of this property may be transitory 
and it may be restored when the organism is placed in a more natural medium. 
This point, however, should be given further study before it is fully discussed. 

The foregoing results certainly demonstrate the fallacy of undertaking 
infection experiments with cultures of Bact. abortus without a knowledge of 
the present virulence of the strains employed. 


SUMMARY AND CONCLUSIONS 


1. These studies show that a large number of strains of Bact. abortus, 
after several generations of cultivation on an artificial medium, lose the 
property of producing lesions in the organs of guinea pigs on inoculation. A 
majority of the strains isolated became non-virulent within one year after 
isolation. 

2. The cultural findings agreed with the presence or absence of lesions, 
that is, when characteristic lesions were found in the organs of the guinea pig 
Hee abortus was also present, Bact. abortus was not found in the absence of 
esions. 

3. The agglutination and complement fixation antibody indices of the 
Ba sera were low in pigs showing no lesions and high in pigs showing 
esions. 

4. There was a marked decrease in weight of the majority of the pigs 
showing lesions and an increase in weight in those showing no lesions. 

5. The results of this study indicate that there is in existence a large 
number of non-virulent strains of Bact. abortus. 
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6. Before one undertakes experiments to induce abortion in cattle, 
swine, sheep, etc., or to determine the efficacy of various prophylactic agents 
such as anti-serums, vaccines and chemicals, it is fundamental that the 
virulence of the strain of Bact. abortus employed should be determined by 
such means as guinea-pig inoculations. 
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Table No. I—Showing the Autopsy and Cultural Findings and Results of Blood Tests 
Strain Date of | Date of Autopsy Cultural Blood Tests 
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Table No. 1—Con’t.—Showing the Autopsy and Cultural Findings and Results of Blood Tests 


Strain Date of | Date of | Autopsy Cultural = Blood fea 
Inoculation] Autopsy Findings Findings Aggl. |Comp. Fix. 
20 To or 1s HORE adh Se genke Raise costetcca eet elcles fo te an eee 
20 4-29-21 Killed | Lesionsin lungs. Spleen 
5-16-21 enlarged 3 times..... B. abortus positive] Lost |.......... 
20 «| 7-95-91) Spleen enlarged 5 times « CG RRS Sa 
20 ~ 8-10-21 |11-17-21] Spleen enlarged 5 times : ie (err eca ese 
20 8-10-21 & Paralysis of hind parts. 
Spleen enlarged 3 times. = ¢ +44+4+/++4+4+ 
Sore ee 1-12-20 | 4-30-20] Spleen slightly enlarged |B. abortus negative} +-+-++]/++++ 
af Seat ines £ All organs app. normal « is +4+4+-|+4+4++ 
J 4-29-21 | 7-26-21] All organs app. normal.|B. abortus negative] ++-++]++++ 
jo | eos aaa Fe le ee 
E 1-12-20 | 4-30-20] Spleen slightly enlarged |B. abortus positive} ++ ++]/++++ 
E £ 3 Foci in liver. Spleen 
app. WOLrM alana B. abortus negative] + + -+—|++-++ 
E 4—29-21 | 7-26-21] All organs app. normal. sd ¢ +4+4+4+)4+4+4+4+ 
E 8-10-21 }11-17-21| “ € & Gs C | ee | es 
E f re 3 3 Z Fe a seals = |lqesPae = 
Germany 1-12-20 | 0) el ae eee re ME Re yi SACS (Soi ello. Giacia coc 
Germany cS 4-30-20] Spleen slightly enlarged |B. abortus positive] + +++]/++++ 
Germany 4-29-21 | 7-29-21] All organs app. normal.|B. abortus negative] +-+++]/++++ 
Germany 8-10-21 |11—17—21] All organs app. normal.|B. abortus negative ++--|++-- 
Sea Reel eo er oa) | =o 
22 1-12-20 | 4-30-20) Fociin liver and spleen. 
Spleen enlarged 3 times.|B. abortus positive} + +++]++++ 
22 3 $ Spleen enlarged 3 times < iS —-—-—--|++4++ 
22 4-29-21 Died Lesions in both lungs. aoe 
5-16-21 | Spleen enlarged 3 times. § £ +4++4+-|4++4+4+ 
22 é 7-25-21] Spleen enlarged 3 times. os & +++44/+++4+ 
22 8-10-21 |11—17—21| Spleen enlarged slightly |B. abortus negative eeeagd ++4+-4+ 
22 & 4 Spleen enlarged slightly a G ++4+4]/+4+++ 
805 1-12-20 | 4-30-20] Allorgansapp.normal.|  “  “ "|4++——-|++++ 
805 1-12-20 | 4-30-20] All organs app. normal.|B. abortus negative] + + ++)/++++ 
805 4299p) 7=o5 2a) = 0 Ea « « < | Qe eae 
805 Pep cathe Sa caliph Goel BS ea ace meal een ane SoS ta. Sania paar. 
805 8-10-21 |11-17-21) “ or “ OS C “ $44 4) 4 4 
SUE alos seh Me. (ols eae eee ITNT ieee a | eee 
C 1-12-20 | 4-30-20] Spleen enlarged 3 times.|B. abortus positive} + ++ —|]+-+++ 
C = “ Spleen enlarged 3 times. x « +++4/++4++4+ 
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Table No. 1 Con’t.—Showing the Awopsy and Cultural Findings and Results of Blood Tests 


Strain Date of | Date of Autopsy Cultural Blood Tests 
Tnoculation| Autopsy Findings Findings SS 
Aggl. |Comp. Fix. 


Cc 4-29-21 | 7-26-21) All organs app. normal |B. abortus negative] + +++})/++++ 
~ ae (Cla a ee i inse a), Po Sk Seal CRECEE [Les at 
C 8-10-21 |11—17—21} Spleen slightly enlarged |B. abortus positive] + ++-+]++++ 
a C a A. Spleen slightly enlarged o Ss ls lt oto nl (oe lo 
Toe feipwea | Lost, |.o 3. cc, ee es WG es | tees 
WwW ‘3 = « drslig: sisaye.a std} era hapey shoe ecate tore! [tay sane ale pecan oretea atetele el] ous teu oie Meeetell atone ieee 
Ge WwW 4—29-21 | 7-26-21] All organs app. normal.|B. abortus negative] + +P — |+-+-+ aus 
WwW « « « a ay mah eae ara aik (lis ee 4 ESE ais 
eeeniw SS) User ee eee i ‘ « |----|444- 
WwW a s a e 4 « a a +---|++-- 
England 1-12-20 | 4-30-20} Spleen enlarged 5 times.|B. abortus positive} + +P—]+-++-4+ 
~ England « ¢ Spleen enlarged 5 times. i - —----|4+4+4++ 
England 4-29-21 | 7-26-21] All organs app. normal.|B. abortus negative] — — — —] — — — — 
~ England “ “ an.) eo teen : « |+4++4]+4+4+ 
~ England 8-10-21 |11-17-21| “ s : & é : Sl ty earl fain le pe 
_ England 5 ; 7% : f i : ee eae ae aeerene 
60 4-29-21 | 7-25-21] Spleen enlarged 3 times.|B. abortus positive) ++ +P |++++ 
EPainGON hei hen ein pe enn een ame = rn siocts alain racer ai 
Patina 8-10-21 |11-17—21| Spleen enlarged 2 times.|B. abortus positive] +-+++]++++ 
60 is ¢ Spleen enlarged 4 times. meen res ney +4+4+4/+4+4++ 
100 4-29-21 | 7-20-21] Spleen enlarged 4 times. id $ +4+4+4+/+4+4++ 
100 E & Spleen enlarged 4 times. Mi 3 +4+4+4+/+4+4++4+ 
100 8-10-21 |11-17-—21| All organs app. normal.|B. abortus negative] + +-++]++++ 
100 . . z te i; . Sete el ste st steaks 
200 4-29-21 | 7-26-21] Spleen enlarged 3 times.|/B. abortus positive] + +-+ —|++++ 
200 « & Spleen enlarged 8 times. A y te+tt+ 4+4+++ 
2900 ~——«|-« 8-10-21 [11-17-21] Spleen slightly enlarged : GA | 3 2 a reer 
200 $ te < . ? " * i Smetarteata ateietectaral 
L 4-19-21 | 7-26-21] Spleen enlarged 5 times.|B. abortus positive) -P+-+ }|++++ 
L ¢ & All organs normal..... B. abortus negative) + — ——| + +++ 
L 8-10-21 |11—17—21| Spleen slightly enlarged |B. abortus positive] +-+-+-+]+++-+ 
Ay ts Spleen enlarged 3 times. S = +4+4+4+/4+44+ 
No. 1 Swine 4—29-21 | 7-26-21} All organs app. normal.|B. abortus negative +4+---|4++-4++ 
No. 1 Swine @ a « 4 & « « “« dhe Ih | ebStedbo 
No. 1 Swine 8-10-21 |11—-17-21} “ ie 4 cS & SiS =| 45iP 
No. 1 Swine . S 2 bs i & « Soe |e sb sek 
OL : 4-29-21 62 £5 WH erattstrah chatty nbs Gatreeon cong shame te Samer | Pel eepelrsitcy st ccicr-clvotecs ysl ev alle tei cetsie enc hel allan ok ecates een 
ari en a “7-26-21 Spleen enlarged 2 times.|/B. abortus positive} +++-+/++++ 
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Table No. 1 Con’t.—Showing the Autopsy and Cultural Findings and Results of Blood Tests 


Strain 


2010 


No. 1 
Melitensis 


Date of 
Inoculation 


8-10-21 


Date of 


Autopsy 


IES ral 


Autopsy 
Findings 


Cultural 
Findings 


All organs app. normal 


4-29-21 


7-26-21 


All organs app. normal. 


Blood 


Agel. 


ot Tests 
Comp. Fix. 


.|B. abortus negative] + ++ -+]+++-+ 


B. Melitensis 
negative 


No. 1 
Melitensis 


No. 1 
Melitensis 


11-17-21 


No. 1 
Melitensis 


No. 27 Meli- 
tensis Gr. II 


5-19-21 


Spleen enlarged 3 times. 


B. Melitensis 
positive 


+4++- 


No. 27 Meli- 
tensis Gr. II 


No. 27 Meli- 
tensis Gr. IT 


No. 27 Meli- 
tensis Gr. II 


No. 22 Meli- 
tensis Gr. 4 


No. 22 Meli- 
tensis Gr. 4 


No. 22 Meli-. 
tensis Gr. 4 


No. 22 Meli- 
tensis Gr. 4 


-- 


+4+4++4++++ 
+++ +++ 


++ ++ 
+ 


8-10-21 


Spleen enlarged 3 times. 


Spleen enlarged 3 times. 


Spleen enlarged 3 times. 


All organs app. normal. 


“ “ “ “ 


negative 


8-10-21 


11-17-21 


“ 


Indicates positive reaction in 0.1 c¢.€¢. 
“ “ “ “« 


Indicates positive reaction in 0.05 ec. ¢. 
“ “ “ 


“ 


«“ 
“ 


«“ « 
“ «“ 


0.04 “ 
O02. 
0.005 -" 


“oO ¥ 025 “ « 
0.01 « « 
02005 2254 


of ser 


“ “ “ 
“ “ “ 


“ 
“ “ 
«“ « 


B. Melitensis 


++++ 


“ «“ 
“ “ 


um in the agglutination test. 


“ 
a 


++++ 
+++ 
++4++ 


+++4++ 


of serum in complement fixation test. 
“ “ «“« “ “ “ 
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Table No. II—Showing History of Strains of Bact. Abortus Employed in the Comparative 


Studies 
Origin 


Received from Bureau of Animal Industry prior to 1915. 
Aborted fetus (From Herd A). 


“ “ “ “ 


Udder of Cow 995 (Abortion Experimental Herd). 


In laboratory prior to 1916. 


Strain Date of Isolation 
I Winkmowie... 1-5 «= 
2 Qe Be ae ero asta ots 
Mg (nee Fea 
6 OWS Se steerer. = 
1h Unknown......... 
16 JULITC LO aces cyan ee 
20 May OLOR Sian eiae 
Mae 22 September, 1919... 
805 May, L9TO Nee se 
C March, 1917....-. 
W Wnkn Own: sects 
J LONG ofp eseiseretenctar elas 
E Prior to 1916... .. 
Germany Unknown. i224). .0)- 
England # aealeeeee 
60 February, 1920.... 
ag 100 June, 1920........ 
200 January, 1920..... 
L December, 1920... 


No. 1 Swine 


No. 2010 Swine 
No. 1 Melitensis 
Group II Melitensis 


March, 1920...... 
Received 9/3/20... 
Received 1/19 /20.. 
Received 5/15/21.. 


Group IV Melitensis 


Received 5/15/21.. 


Aborted fetus, Owosso, Michigan. 
Placenta of Cow following abortion, Ubly, Michigan. 
Aborted fetus (From Herd A). ae 


Placenta of Cow 805 following abortion (Abortion Ex- 
perimental Herd). 


Aborted fetus (From Herd A). 


Received from Wisconsin University, 1915. 
Aborted fetus (From Herd B). 


Unknown. 


Obtained in Germany in May, 1919. 
Royal Veterinary College, April, 1919. 
Udder of Cow (From Herd A). 


Udder of Cow No. 100 (Abortion Experimental Herd). 
Udder of Cow No. 200 (Abortion Experimental Herd). 


Aborted fetus (From Herd A). 


Aborted fetus of sow near Lansing, Michigan. 


Dr. Graham, Illinois University. 


American Museum of Natural History. 
Doctor Meyer, University of California. 


Doctor Meyer, University of California. 
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Table No. III—Showing Comparative Weights of Guinea Pigs Before Inoculation and Before 
Autopsy. Pigs Inoculated April 29, 1921 


’ Strain Weight before Weight before Lesions 
Inoculation Autopsy 
1 615 gms. = aD E TER hte Negative 
1 530. « Fie Ss So sae eee eras reas 
2 585“ 705 « aks « 
i 3 590 « 755“ : 
3 690 ¢ wOO}m@s a 
6 605“ ili ia ERT WN 0) Be Positive 
6 505 “ 495 “ ib 
7 485 “ 450 “ < 
rd 560 “ 490. * & 
16 645 * 555 & 
16 B8hfE ALO 7S S 
20 465 “ 380 “ & 
20 695 ¢ 440 “ J 
Lata op 385 “ 470 “ « 
60 390) »* 470“ z 
60 250 “ 290; 5 bs 
805 645 “ 690 “ Negative 
805 468 « 570. « “ 
100 490 * god! 2 Positive 
100 425. & 570). S “ 
B00 Tanai 470 « 440 « “ 
200 410 “ 500 * . £ 
Cc 300 “ 470 “ : Negative 
C 240 gms. 470 gms. Negative en 
No. 1 Swine BOO ye 610 “ : 
No. 1 Swine 300 “ , 550 “ . 
i 345 « 300. « Positive 
i 255 « 580. « a eee 
2010 465 “ OLOReS Negative 
W 420“ 660 “ i 
WwW 415° # 580 “ . 
Germany 355 & 450 “ ee 
Germany 290) 4 480 “ “ 
England AZOK = 6702 5° 3 
‘England 395 « 510. « « 
E 6357. A . 
E DOs WOOD = re 
J 460 “ 490 “ ‘9 ye 
J 400 “ 635 * 2 


oe Ee a ae ee eS ee ee 
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TECHNICAL BULLETIN NO. 56 


FOREWORD 

In June 1920, Mr. J. E. Kotila received the degree of Master of 
Science from the Michigan Agricultural College. 

Mr. Kotila selected as a minor a study of the life history of the leaf- 
hopper of potato, and the results of this study, together with the results 
of his subsequent work as a research worker in the Michigan Agricul- 
tural Experiment Station, are embodied in the present paper. The 
evidence gathered during this investigation seems to be of sufficient im- 
portance to warrant its publication in this form. 


Respectfully submitted, 


Reet PELE 


Professor of Entomology. 
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LEAFHOPPER INJURY TO POTATOES 


BY J. E. KOTILA 


Leafhopper injury, brought about by the potato leafhopper, has caused 
losses of thousands of dollars annually to the potato growers of Michi- 
gan. Investigations at this and other stations show that it is now 
possible by the use of preventive measures to reduce largely this source 
of great loss. The importance of the potato crop in Michigan is such 
that an effort should be made to combat this injury. 

The potato ranks third in importance as an agricultural crop, is 
surpassed only by hay and corn, and is followed by wheat, oats and 
fruit. Figures obtained from the 14th U. S. Census Bulletin 1920, 
compiled below, show the position of Michigan as a potato producing 
state. 

THE POTATO CROP IN VARIOUS STATES : 
(*From 14th U. 8. Census Bulletin 1920) 


State Value Acreage Yield 
1 (yf Ld eR, NA, Se had a eM a AN png eae NR bay 8's om eh ibs ES oh $69,812,321 310,403 | 32,470,847 bu. 
WISCONSIN EPs acccs Be ope sere aCe Pe an ae 60, 664,851 294,424 | 26,376,021 bu. 
Miinmieso bec cee cate sto oe et tse oats ait Set tea Te eee ere ee 57,383,621 331,930 | 26,690,056 bu. 
Maines: oe et Si Bo ee Eee So eee 52,339,514 111,378 | 25,531,470 bu. 
Michigan ee nee nine ie 49,055,600 280,538 | 23,929,560 bu. 
Pennsylvania.......:.....:... 47,411,127 233,981 | 22,051,685 bu. 
GWOlOradOs yee ote ke ee ein Cee i Re Tn eae 19,524,525 77,337 8,874,783 bu. 
CELE Taig itt: Wee pa Reape leh lad eo Stee ea tN emi) Ue Aas hi Bl ey a deer D Urs 18,901,258 63,305 8,217,937 bu. 
LE Re rece eS Cone oo eee bean = ean ened Ae EB bull x Tea EA a 10,874,361 97,336 4,438,515 bu. 
(Nebrasknecgs £200 (ec cmeccci ane. 2 saad eesti ieee eee eee AI ae 10,685,998 94,247 | 4,452,497 bu. 


ECONOMIC IMPORTANCE OF SO-CALLED “TIPBURN” 


Although the total yield of potatoes in Michigan in the 1919 crop was 
23,929,560 bushels, the average yield per acre was only 85 bushels. This 
low average yield was caused in large part by a very serious dry 
weather blighting, the so-called “tipburn,’ which attacked the tips and 
margins of the leaves (Fig. 1), giving them a burned appearance and 
causing a premature death of the vines with consequent reduction in 
yield. 

Losses from this trouble have no doubt occurred during all seasons 
of comparative drought, and especially in seasons with temperature de- 
partures above normal, but attention was first called to it in 1891 by 
Goff’. While conducting a potato spraying experiment a peculiar 
“blighting” of the leaves was noted in the check plots which Goff re- 
ported was not the true potato blight, as there were no indications of 
the fungus Phytophthora infestans and no rotting tubers were found 
when the plots were harvested. Since 1891, however, “tipburn” has 
been reported as common during hot, dry seasons in all of the more 
important potato growing states. The trouble was especially severe 
during the 1919 season and losses up to 25 per cent of the crop were 
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Fig. 1. Potato leaf showing hopperburn. Note the burned effect of tips and margins of leaflets, also the tendency to curl upward 


reported to the Plant Disease Survey” from various states. The total 
loss to the United States potato crop in that season was 3.7 per cent 
or 16,348,000 bushels. The loss to Michigan growers was estimated at 
25 per cent or 10,246,000 bushels. 

THEORIES AS TO THE CAUSE OF “TIPBURN” 

Dry Weather: In 1895 Jones® offered a plausible explanation of “tip- 
burn.” In contrast to late and early blights, which are of fungous origin, 
he thought that “tipburn” was “attributable to the unfavorable conditions 
surrounding the plant, especially dry hot weather, with insufficient 
water supply.” For want of a more satisfactory one this explanation 
of tipburn has been quoted in practically all potato disease handbooks 
published since that time. 

Lutman* in 1919 published data supporting the dry weather theory, 
in which he states “Tipburn of the potato is due to excessive heat and 
sunshine during late July and early August. An inordinate transpira- 
tion from portions of the leaflets directly affected results in a wilting 
from which the parts seriously injured do not recover.” 

It has been repeatedly shown since Goff’s' trials in 1891 that potatoes 
sprayed with bordeaux mixture have been comparatively free from 
“tipburn” injury. There is then a contradiction in the observed facts 
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concerning this burning as is shown by the work of Martin’, Dug- 
gar and Cooley®, and Lutman*, who in studying the effect of bordeaux 
mixture found that the transpiration was greater in sprayed than in 
unsprayed plants.. Another seeming inconsistency of the dry weather 
theory is found in the Colorado potato regions, where hot, dry weather 
with very brilliant sunshine is the usual occurrence and where “tip- 
' burn” is very rare. 


The leafhopper as a causal factor: A more satisfactory explanation of 
the cause of tipburn and one which eliminated the vagueness embodied 
in weather effect was offered by Ball’ in 1918. He attributed the injury 
to the leafhopper, Empoasca mali LeB, having arrived at his conclusion 
after conducting two cage experiments during one growing season. 
Ball’s findings, “howey er, were so revolutionary in addition to being 
based upon rather meager experimental data, although well supported 
by a large amount of field obser rations, that entomologists and plant | 
pathologists were slow to accept this explanation of the cause of tip- 
burn. The disease being of such significance in Michigan investigations 
of the cause of the burning of potato foliage were undertaken “at the 
suggestion of G. H. Coons ‘and field experiments with caged plants in 
the summer of 1919 and greenhouse experiments in the fall of 1919 were 
undertaken which gave convincing information of the correctness of 
Balls findings (Kotila’) ).-- These experiments, as well as those of two 
other seasons are detailed below. 


EXPERIMENTATION 


Field experiments were conducted during the 1919, 1920, and 1921 
growing seasons at the Upper Peninsula Experiment Station at Chat- 
ham, Michig ean, in which insect tight cages (Fig. 2) of sufficient size to 


Fig 2. Type of cages used in field experiments. 
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cover two hills were used. These were set up in the potato rows before 
the plants had broken through the soil.* 

The caged plants remained free from leafhoppers and plant lice 
(aphids) until these were introduced later in the season. When burn- 
ing of the foliage became noticeable in the field, leafhopper nymphs and 
plant lice were placed upon the caged plants. The data obtained dur- 
ing the three seasons are tabulated below: 


Table I Effect of the Leafhopper EMPOASCA MALI on Potatoes 
Field Experiments - 1919 


No. of | No. of 
Planted | Caged* cages | plants Treatment Date Results Remarks 
| 
July 2 | July 9 3 6 | 25 leaf-hoppérs.:....... ! Aug. 1 | Burning....| First signs of injury observed 
Empoasca mali LeB.... .! Aug. 4. Leaves showed light- 
i colored margins. Aug. 14 mar- 
gins of leaves brown. Burned 
seriously in all 3 cages. 
2 9 3 6 | Check—no insects...... 1 | No burning.| Leaves ncrmal. 
2 9 1 3 | 25 potato aphids........ Sept. 4 | No burning.| Leaves green Sept. 25. 
Field Experiments - 1920 
June 18 | June 30 4 8 | 25 leaf-hopper nymphs..| Aug. 9 | Burning....| Characteristic injury to tips and 
Empoasca mali LeB..... ayes 8 margins of leaves. 
18 30 4 8 | Check—no insects... ... _9 | No burning.) Leaves normal. 
18 30 4 8 | 25 potato aphids......:. *-9 | No burning.| Leaves remained green all 
season. 
Field Experiments - 1921 
June 11 | June 28 3 6 | 200 leaf-hoppevs........ Aug. 11 | Burning....]} Characteristic injury. Tips and 
Empoasca mali LeB.... margins burned. 
11 28 3 6 | Check—no insects...... 11 | No burning.| Leaves normal. 
il 28 3 6 | 200 potato aphids...... 11 | No burning.| Leaves green throughout season. 


*Cages were set up before plants broke through soil and covered two hills. No insects on plants prior to date leaf-hoppers or 
plant lice were introduced. 1919 experiments were reported in Phytopath. 10:61-62, 1920. 


GREENHOUSE EXPERIMENTS 


Unmistakable evidence showing that leafhoppers are capable of 
causing burning of potato foliage was obtained by experiments con- 
ducted in the greenhouse of the Botanical Section of the Michigan 
Experiment Station, East Lansing, Michigan, during the autumn of 
1919 and winter of 1920-21. Adults of the last summer generation were 
collected and allowed to produce a new generation of nymphs on caged 
plants (Fig. 3) in the greenhouse, and these were used in the experi- 
ments tabulated on following page: 


*Possible criticism might have been offered in Ball’s experiments in that the plants were caged late in the season, and complete 
freedom from “burn” was not maintained in the checks. 
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Table IL Effect of the Leafhopper EMPOASCA MALI on Potatoes 
Greenhouse Experiments 1919* 


No. of | No. of 
Potted**|} Caged cages | plants Treatment Date Results Remarks 
Sept. 20 | At once. 1 3 | 25 leaf-hoppers.........] Sept. 22 | Burning....| Leaves showed injury on mar- 
Empoasca mali LeB... . gins on October 1. 
20 | At once. 1 3 | Check—no insects...... 22 | No burning.} October 1, leaves green. 


*Table reproduced from Kotila 8. 
**Sprouted tubers (1919 seed-stock) were potted on this date. 


Greenhouse Experiments - 1920-21 


Dec. 20 | Feb. 17 1 1 | 30 E. mali nymphs..... Feb. 17 | Burning....} Injury noted February 23. 
20 17 1 1 | 6 E. mali nymphs...... 17 | Burning... . 
20 {7 1 1 | Check—no insects...... 17 | No burning. 
1 1 | 30 potato aphids....... 17 | No burning. 


20 17 | 


From the results shown above it was demonstrated that the potato 
leafhopper, Empoasca mali, is capable of producing injury to potato 
leaves regardless of the season or condition of light, and that aphids 
do not have a similar effect. The burning produced in cages covered 
with cheesecloth in the greenhouse during the month of February when 
the light was very weak as compared to the strength of daylight during 


Fig. 3. Type of cage used in greenhouse experiments. 
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July and August was very typical. (Fig. 4). This production of 
characteristic signs is of importance since Lutman*, who ascribes tip- 
burn to excessive heat and sunshine, was unable to produce artificial 
burning in a greenhouse during the month of April and attributed his 
failure to weakness of daylight during that month. 


Fig. 4. Potato leaf showing hopperburn produced by leafhopper nymphs in greenhouse experiment with caged plants. Cast 
skins of nymphs are seen clinging to the leaf. 


HOPPERBURN AND TIPBURN 


The word “hopperburn” as a name for the specific injury caused by 
the leafhopper Empoasca mali was coined at the December 27, 1918 
meeting of the War Emergency Board’, following the presentation of 
Dr. Ball’s results to that body of plant pathologists. The possibility 
that not all burning injury of potato leaflets was due to the leafhopper 
led to the reservation of the general term “tipburn” for the condition 
of which hopperburn was a subdivision. Concerning the type of burn- 
ing which occurs in Vermont (Iutman*) and Maine (Folsom and 
Schultz °), the writer is not attempting an opinion. It may be said that 
“hopperburn” and “tipburn,” as shown by pictures and descriptions, 


652 STATE BOARD OF AGRICULTURE. 


are so Similar that it seems impossible to differentiate them from the 
present statements in the literature. 

Jones* and, Lutman*, who worked on the problem in ie east, have 
reported that owing to the more severe drought conditions in the 
middle western states, Michigan, Wisconsin, Minnesota and Iowa, tip- 
burn caused greater damage in those states than in Vermont. During 
the three years’ investigation of the problem in Michigan, the writer has 
not been able to find any burning of the tips and margins of potato 
leaves which he could not associate with the potato leafhopper as the 

causal factor. If the insect itself was not found upon the leaf, cast 
skins of nymphs, egg pockets, or the eggs themselves were located, 
There is no doubt that. hopperburn is the greatest factor reducing 
Michigan potato yields and that tipburn, if present at all, is of very 
minor importance. 


THE POTATO LEAF HOPPER, EMPOASCA MALI LE B 


DESCRIPTION 


Adults: The adult leafhopper is a very active yellow-green insect about 
one-eighth of'an inch long. It is distinguished from its near neighbor, 
Empoasca unicolor Gillete and other green leafhoppers by a row of six 


Fig. 5. Potato leafhopper adults (Empoasca mali LeB.) x 6. The white markings seen on the back of the insects are char: ¢- 
teristics which identify the potato leafhopper. 


or eight white dots on the anterior margin of the prothorax and by the 
characteristic “H” marking on the mesothorax. (Fig. 5). The adult 
female is slightly larger than the male, from which it is distinguished 
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by its genitalia—the female possessing a saw-like ovipositor. The 
adults are extremely active and fly at the slightest provocation. They 
are rarely seen by the casual observer during the early part of the sea- 
son, but during August of favorable years they are seen to rise up in 
clouds as one walks down the rows of a potato field. 

Eggs: The eggs of the potato leafhopper are minute pointed ovals 
approximately 1/32 of an inch long, and are usually laid in the midribs 
of the potato leaflets. Some of them may be laid in the leaf petioles 
and in the stems, but ordinarily the leafhopper female selects the more 
tender midribs for oviposition. When first laid, the eggs can be lo- 
cated only with great difficulty, but near the end of the incubation 
period their location can sometimes be recognized by slight blister-like 
elevations on the distorted midribs (Fig. 6). At this period, when 


Fig. 6. Egg of potato leafhopper laid in midrib of potato leaflet. 


viewed through transmitted light with the aid of a hand lens, the eye 
of the developing embryo shows up as a reddish dot in contrast to the 
hyaline or green color of the remainder of the developing nymph which 
cannot be differentiated from the surrounding tissue. Razor sections 
of an egg-blister at this stage reveal under the microscope a hyaline 
embryo with a red eye. (Fig. 7). 

Nymphs: The nymphs when hatched are less than 1/25 of an inch 
long and are white or almost hyaline. The red eyes stand out in strik- 
ing contrast to the color of the remainder of the insect. Soon after 
beginning to feed, the nymphs take on a greenish color and during the 
course of growth the eyes become pearly white. During their growth 
the nymphs undergo five molts and the cast skins are often found 
clinging to the undersides of infested leaves. (Fig. 4). After the third 
molt rudimentary wings begin to develop. During the fourth and 
fifth instars the nymphs are able to hop from one leaf to another. On 
casting the last nymphal skin, the wings of the adult leafhopper are 
found to be curled upward in four separate rolls. The rolls containing 
the outer wings, or elytra, are transparent, while the rolls containing 
the hind wings are white. The elytra rolls unfurl about a minute after 
the insect has emerged from the nymphal skin, while the hind wings 
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are not completely unfurled until about five minutes later. The charac- 


Fig. 7. Developing embryo of potdto leafhopper in midrib of potato leaflet. (x 30.) (Photomicrographs by Miss E. McDaniel.) 


teristic markings of Empoasca mali do not appear on the young adult 
simultaneously with the casting of the last nymphal skin, but develop 
about two days later. The nymphs are active and when disturbed move 
with a peculiar sidling movement to the other side of the leaf. Both 


ea | 


Fig. 8. Leafhopper nymphs feeding on under side of potato leaflet. (Natural size.) 


the adults and nymphs feed for the most part on the veins and vein- 
lets on the undersides of the leaves (Fig. 8) and only occasionally are 
they found on the upper surfaces. 


LIFE HISTORY STUDIES 


Control measures for insect pests are based upon life history studies 
of the pest in question. From such studies the time to combat the 
trouble most efficiently can be determined. Accordingly observations 
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were made and experiments conducted to learn the mode of hibernation 
and the number of generations of the potato leafhopper under Michigan 
conditions. 


HIBERNATION 

Considerable difference of opinion has been expressed in the 
literature as to the manner in which this leafhopper passes the 
winter. Gillette’? in Iowa, Lathrop’? in New York, and Ackerman? 


Fig. 9. Egg blisters of the 1 0se leafhopper (Empoa rosae) and apple leafhopper (Empoasca unicolor) on apple twig. (Enlarged.) 
(Photo,by Miss E. McDaniel.) 


in Pennsylvania, reported over-wintering adults, while Webster’ 
in Minnesota, was of the opinion that the insect passes the winter both 
as an egg laid in apple twigs and as an adult. 

During the winter of 1919-20, six dozen apple twigs, varying in age 
from one to seven years, were brought in from the college orchard ane 
placed in water in lantern-globe insect cages in the insectary of the 
Entomology Department. These soon leaved out and leafhopper nymphs 
hatched from eggs laid in crescent-shaped blisters, approximately 1/25 
of an inch in length. (Fig. 9-10). The injury to the leaves which was 
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Fig. 10. Nymphs of the rose leafhopper hatching from apple. (Enlarged.) 


caused by the feeding nymphs was of the stippling type which is char. 
acteristic of the apple leafhopper, Empoasca wnicolor Gillette and the 
rose leafhopper, Empoa rosae L. Upon reaching maturity the majority 
of the nymphs proved to be the latter species. Only an occasional in- 
dividual of the former species reached the adult stage. That these 
nymphs were not Empoasca mali was further demonstrated by placing 
thirty of them upon a young potato plant. The insects did not do well 
on this host and many of them died. The stippling type of injury, noted 
above, occurred upon one of the leaflets but there was no evidence of 
burning which characterizes the injury caused by the potato leafhopper. 

In order to ascertain whether Hmpoasca mali laid its. winter eggs 
on other trees, twigs were cut from various trees and shrubs growing 
on the campus, including maple, elm, oak, poplar, hawthorne, thorn- 
apple, elder berry, willow and rose. These were placed in water as in 
the case of the apple twigs. The insects began to hatch at about the 
same time that the leaves appeared and several species of Jassids and 
Membracids were noted. Aphids also hatched from surface-laid eggs. 
Empoa rosae was found to hatch from all of the twigs collected, show- 
ing that it has a large number of host plants. The species of the other 
leafhoppers were not determined except in so far as to be certain that 
they were not Empoasca mali. It seemed therefore that the leafhopper 
is not commonly carried over winter in the egg stage. 

Observations on the campus, the orchard, and the college fields for 
the over-wintering adults began on March 16, 1920 and were made 
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weekly until May 1, after which the field trips were made more often. 
During these observations trash in the college orchard and woodlot and 
along fence rows was carefully looked over. Sweepings were also made 
with an insect net. 

On April 3, a species of leafhopper was collected in the woodlot which 
was of the same size and degree of delicacy as Empoasca mali and this 
ied to the belief of the possibility of the latter also wintering over in the 
adult stage. The first specimen resembling the potato leafhopper was 
collected on May 7. This individual was green and had the charac- 
teristic white spots on the anterior margin of the prothorax, but did 
not have the white “H” marking on the mesothorax. Wing venation 
showed that the insect belonged to the genus EHmpoasca. Although the 
markings were not quite complete, it is quite probable that the specimen 
was of the mali species. The first authentic specimens of Empoasca mali 
were found on May 28. Twelve adults, all with the characteristic mark- 
ings and wing yenation were collected in a clover cover-crop in a young 
orchard. 

That these leafhoppers did not come from early hatched eggs was 
shown by life history studies made on the rose leafhopper, Empoa rosac, 
which passes the winter in the egg stage. The first nymphs of this leaf- 
hopper to hatch outdoors from oyer-wintering eggs were observed on 
May 14. Three Empoa rosae nymphs were found on an apple tree in 
the orchard and one nymph was observed on a maple tree on the campus. 
A careful search for nymphs on other trees in the orchard failed to re- 
veal further specimens. The average length of the nymphal period of 
the first generation nymphs of the rose leafhopper according to Acker- 
man”, is 33.4 days, from which it is evident that the first nymphs to 
hatch from ovyer-wintered eggs on May 14 could not have been more 
than in their second or third instars at the time when the first authentic 
Limpoasca mali adults were collected. 

The experimentation during the winter of 1919-20 and the collec- 
tions and observations during ‘the spring of 1920 indicate that the po- 
tato leafhoppers, Himpoasca mali, hibernates in Michigan as an adult 
and not in the egg stage. 


NUMBER OF GENERATIONS 


Various investigators who have studied this leafhopper as a pest of 
fruit trees, particularly the apple, have made observations as to the 
number of generations during the season. Thus Washburn™* in 
Minnesota, thought there were two and possibly three generations; 
Webster** recorded four generations for lowa;. Lathrop”, two for New 
York, and Ackerman’ reported three generations under Pennsylvania 
conditions. 

In order to ascertain the number of generations of the potato leaf- 
hopper under Michigan conditions the lengths of the incubation and 
nymphal periods were determined by means of cages similar to those 
used in the greenhouse experiments. (Fig. 3). Young adult pairs were 
confined on caged potato plants and were removed when the first signs 
of egg blisters were found. The incubation period was determined as 
the length of time elapsing from the date the first egg scars were ob- 
served until the appearance of the first nymphs. In the two trials 
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made, the incubation period proved to be 12 and 13 days respectively. 
Ackerman’ found that the incubation period of Hmpoasca mali in 
Pennsylvania was from 7 to 9 days when the temperature averaged 
76.89. The longer incubation period found under Michigan conditions 
is probably due to the cooler weather which prevailed, (62° F) and per- 
haps somewhat to the shading caused by the cages. The average nymphal 
period of six different broods was found to be 16 to 17 days. Under 
Michigan conditions, approximately a month elapses from the time a 
potato leafhopper egg is laid until the nymph develops to maturity and 
is ready to lay eggs for the next generation. 

Assuming that the over-wintering adult leafhoppers migrate to po- 
tato fields about the middle of June and allowing a month for the de- 
velopment of each generation, it would indicate that there are two 
complete generations and a partial third generation on potatoes each 
season in Michigan. Nymphs of the third generation are no doubt 
killed by early fall frosts before reaching maturity. 


EXTENT OF INJURY 


The injury caused by the over-wintering adults and nymphs of the 
first generation is slight, owing to the small number of individuals 
present as compared to the leafhopper population of the second genera- 
tion. The injury is also masked by the new leaves which appear on the 
rapidly growing vines. 

The greatest damage occurs during the latter part of July and dur- 
ing August, because the leafhopper population by that time has in- 
creased greatly. For each over-wintering female which flies to the 
potato field in June there is a progeny of at least 450 individuals in the 
second generation, from which it can be realized that the leafhopper 
population during this period runs up into the millions per acre. When 
it is known that a single leafhopper nymph can cause the destruction ~ 
of an entire potato leaf the damage caused by the millions of individuals 
on each acre of potatoes can well be imagined. 


EFFECT OF TIME OF PLANTING 


There appears to be a definite period in the spring during which 
the leafhoppers migrate from other hosts to potato fields. This migra- 
tion occurs about the middle of June, and as a result eggs are deposited 
on the early-planted potatoes. That there is such a spring migration 
of leafhoppers was seen in a very striking manner during surveys of 
potato fields made in 1919 and 1921. Those fields in the Upper Penin- 
sula which were planted during May and early June were very severely 
damaged by hopperburn, while fields in the same neighborhood which 
were planted after June 15th, remained green throughout the season. 
These observations were confirmed by evidence obtained on September 2, 
1921, from the time of planting series at the Upper Peninsula Experi- 
ment Station which is tabulated on following page. 
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Table III. Effect of Time of Planting on Hopperburn, 
U. P. Exp. Sta., Chatham, Mich., 1921 


Date planted Variety Per cent hopperburn 
INTERVAL OY incte oS aphey sr ateyk aa cremate pale alone eile s Se Greens Mouritainss veda srt rss tienen ee ere einieien« | 100 
Alia Gy19u VORA as pe ennnne etiem Gola ied iy eye ee Greeneioun tannie is a ie sire eect dian boise Se tionclanels 100 
MIME Gy Deis rset ee eee oh wlcheae tee eta een Green Mountain........ Baia cach Reheat dic eh Ae ates 75 
TNE Ge ey ek rhe ld Soar Mt A Greeny Mountatnass Sarak cline welpatlaearee tient? 50 
ANE OSA cte Pence Suet See MEL ES A iymlie bP ohairee GreemiMountain: jesccves ca ole ioe eee cree iieteiae us 25 
TED ee te Rees SR ARAM ch pe apeaan Lah GreentMountamecadar aie ee seca cone atonal 15 


Hopperburn is not severe on late planted potatoes because the plants 
are either very small or have not come through the soil at the time 
the spring migration takes place, and remain practically free from leaf- 
hoppers until the flight of the first generation adults. This summer-mi- 
gration occurs during the latter part of July and is obviously too late 
to cause extensive injury. Conditions for the Lower Peninsula were 
not worked out with respect to this migration. 

These time of planting observations suggest a feasible method of 
combatting the leafhopper where danger from early fall frosts does not 
preclude late planting of potatoes. 


WEATHER RELATIONS 


Natural phenomena, such as the time of blossoming of fruit trees, 
date of emergence, and length of life cycle of insects, etc., are governcd 
by weather conditions. It is well known that apple trees do not blossom 
on the same date every year. Likewise the time of emergence of insects 
from their winter quarters varies with the season. 

It is intresting to note the weather relations of hopperburn during 
the three years covered by the present investigations. The departures 
from the normal temperature, precipitation, and sunshine during the 
months of April to August inclusive for these years are given in the 
table following. 
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Table IV. Departures from Normal Temperature, Precipitation and Sunshine in Michigan 


+= above normal; — = below normal 
1919 1920 1921 
7. nla —4..9° 6iR8 
April 1 ees +1.12” +0.65” +1.15" 
S. —2% —6% 43% 
‘ —0.7° —1.1° +3.6° 
May Pr. N —1.91” —1.48” 
S. +67% +147 +77 
STR? Aa ee HB SP 
June P. —0.75” +0.9" —0.92”. 
S. +11% +1% +7% 
Ty +2.4° sa Yo Fi +7.0° 
July Pe —().86” —(0.01” _ —0.62” 
S. +8% —1% +57 
T +0.5° —.4° +7.0° 
Aug. ee —().5” +0.09” +1.29” 
S. +17 +17 +17% 


T=Temperature; P=Precipitation; S=Sunshine 


The 1919 season was considered approximately normal so far as the 
spring advance was concerned. Duchess apples were in bloom at East 
Lansing on May 14 and leafhoppers emerged at their normal period. 
The season made rapid progress in June, and, as is seen from the table 
of departures shown Above, the temperature and sunshine were much 
above normal while the precipitation was below normal for the month. 
Similar conditions prevailed during July but in August these became 
more nearly normal. Favorable weather conditions were presented 
during June and July for the development of leafhoppers and resulted 
in serious damage from hopperburn during the season. 

Contrasted with 1919, the 1920 season was backward. Apples were 
in bloom at East Lansing on May 21, a week later than the preceding 
year. The season did not advance rapidly in June owing to the fact that 
the temperature and sunshine were only slightly above normal, while 
the precipitation was almost an inch above normal. July was charac- 
terized by cold, cloudy weather with average rainfall, while August as 
in the preceding year was more nearly normal. The weather conditions 
during this year were not favorable to leafhoppers. The backward spring 
resulted in late emergence of the over-wintering adults, which coupled 
with the cold, wet weather of July prolonged the incubation periods 
of the leafhoppers so that these insects did not become abundant and 
hopperburn was not an important factor during the season. 

The 1921 season was the most advanced of the three seasons and 
apples were in bloom at East Lansing on April 26, approximately two 
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weeks before the 1919 season and almost a month before the 1920 sea- 
son. June temperature and sunshine, as in 1919, were much above nor- 
mal while the precipitation was below normal. Similar conditions pre- 
vailed in July, whereas in August the temperature and precipitation 
were above normal while the sunshine was slightly below normal. Con- 
ditions during this season again were favorable to leafhoppers. The 
insects emerged early and under the hot, dry weather conditions the 
life cycles were shortened. The first nymphs to hatch out on potatoes at 
the Upper Peninsula Experiment Station were observed on July 5 as 
compared to July 22 when the first nymphs were observed hatching in 
1920. Leafhoppers were abundant in 1921 and hopperburn became se- 
vere during the season. The timely rains which came during August 
saved the potato crop from greater injury. 

Although the above observations cover only a period of three sea- 
sons, they seem to indicate that whether or not liopperburn will be 
serious during a given season can be predicted. Hopperburn can be ex- 
pected to be serious during seasons which follow an early or normal 
spring during which the month of June is characterized by temperature 
and sunshine “above normal’ and “below normal” rainfall. 


RESISTANCE OF VARIETIES. 


During a survey made of potato fields during the latter part of July, 
1919, observations were made as to the resistance of varieties to hopper- 
burn. It was repeatedly noted during the survey that early varieties 
were more susceptible than late varieties. Observations made on the 
variety plots at the Upper Peninsula Experiment Station, all of which 
were planted on the same day, confirmed the findings of the survey. Of 
the early varieties, Bliss Triumph was found to be the most susceptible 
and was followed in order by Early Ohio and Irish Cobbler. The Idaho 
Rural was found to be the most susceptible of the late varieties and was 
followed in order by Green Mountain, Russet Burbank and Rural New 
Yorker. Although some burning has been observed on the Rural New 
Yorker variety, it has some inherent quality whereby it is able to with- 
stand insect and disease attacks better than other varieties. This re- 
sistant quality of potatoes of the Rural type makes them very popular 
with the potato growers. 


SELECTIVE PREFERENCE OF THE LEAFHOPPER 


The 1920 season which was unfavorable to leafhoppers presented an 
opportunity to make observations on the type of vines selected by the 
over-wintering adults for egg laying. Owing to the small number of 
adults seen in the spring a large number of hills were carefully examined 
for nymphs during the summer months. As a result of these examina- 
tions it was found that vines which were healthy were usually free from 
leafhopper infestation, while nymphs were always found on vines which 
were affected with the mosaic disease. The brighter green color of the 
diseased hills perhaps attracts the over-wintering adults and result in 
a greater number of eggs being laid on those vines. 
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HOST PLANTS 


The potato leafhopper has been collected from a great number of 
plants, but doubtless many of these are not true host plants for the 
insect, that is, plants upon which the leafhopper lays eggs. Ackerman’ 
reports that eggs of Hmpoasca mali have been found in the leaves of 
apple, pear, peach, plum, quince, cherry, alfalfa, beet and potato. In 
addition to these the writer has found that the insect also lays eggs 
on beans, sunflower, red clover and curled dock (Rwmesx crispus). It 
is common knowledge that weeds in a potato field, by virtue of their 
stronger root systems, rob the potato vines of plant food and cause 
material reducation in the yield of potatoes. This in itself is of sufficient 
importance to warrant weed eradication, but when this knowledge is 
further augmented by the fact that the destructive leafhopper breeds on 
weeds the eradication of these plants becomes imperative. 


PRESENT STATUS OF INVESTIGATIONS 


While this work was in progress Ball continued his investigations 
(this time working in Iowa) assisted by Fenton’. Dudley and Wilson™ 
worked on the problem in Wisconsin. The results obtained in both 
of these states agree with those obtained under Michigan conditions and 
all together offer very tenable proof that the injury to potato foliage in 
the middle western states is not “tipburn” due to excessive heat and 
sunshine, but is “hopperburn” caused by the potato leafhopper, Hm- 
poasca mali. 


Fig. 11. A remodeled traction type sprayer. While better than no sprayer, this type does not maintain sufficient pressure for 
best control of hopperburn. 
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“PREVENTIVE MEASURES 


The first evidence of the control of “tipburn” by means of bordeaux 
mixture was presented by Prof. Goff in 1891. In testing this spray for 
the control of late blight he reported that the check rows turned yellow 
and later became brown, while the sprayed vines remained green all 
through the season. He also noted that “none of the potatoes were 
decayed at digging time and that there were no indications that the 
blight which so injuriously affected the foliage of potatoes the past 
season on the checkrows of our experimental plot and throughout 
southern Wisconsin was connected in any way with the potato-rot 
fungus, Phytophthora infestans. But whatever the affecting disease 
was, it is evident that the treatment proved the remedy for it.” —In- 
vestigations since that time (Stewart’®*, Lutman*) have confirmed 
Goff’s findings and it is repeatedly noted in the literature of bordeaux 
mixture as a potato spray that the percentage of tipburn is always 
reduced in the sprayed plots. 

In order to ascertain what effect, if any, bordeaux mixture had on 
the control of hopperburn, spraying experiments were conducted at the 
Upper Peninsula Experiment Station, Chatham, Michigan, during the 
1919, 1920 and 1921 sessions. <A 5-5-50 bordeaux mixture, to which an 
arsenical poison was added to control the Colorado potato beetle, was 
used during the first two seasons, the spray being applied with a 50- 
gallon traction type sprayer, (Fig. 11) which was remodeled so as to 
apply the spray to the under sides of the leaves. During the 1921 sea- 
son a 4-4-50 bordeaux mixture was used, and was applied with a power 
sprayer which was capable of maintaining a pressure of 225 pounds 
(Frontispiece). 

The resuits obtained from the three-season spraying program - are 
summarized below 


Table V. Effect of Bordeaux Mixture on Hopperburn 
Spraying Experiments, U. P. Experiment Station, Chatham, Michigan, 1919, 1920, 1921 


Results i 
First Size af = — 
Season | appli- vines first | Times 
cation | application | sprayed Not sprayed Sprayed 
| 
1919 | July 3 9” 4 | Aug. 15 vines dead from hopperburn..... Aug. 15 vines still alive but hepperburn 
3 severe. 
oe ines green all season. 27.7% hi ines green all season. 1.7% hills 
120) | duly. Ty 0 39 Sly 1 27.7% hills | V Il 17% hill 
showed slight hopperburn. showed slight hopperburn. 
1521 | July 8 3-6” 5 | Sept. 9 100%, hopperburn and early | Sept. 9 hopperburn not evident. Early 
blight. - Vines dead Sept. 15. blight caused death of vines Oct. 10. 


| 
*5-5-50 bordeaux mixture used in 1919, 1920; 4-4-50 in 1921. 


Some very interesting facts were gleaned from the three-year spray- 
ing experiments. The 1919 and 1921 seasons were very favorable to the 
potato leafhopper and hopperburn caused serious losses: The 1920 
season, on the other hand, was two weeks later than normal and rain- 
fall was abundant. Leafhoppers emerged late and multiplied very slowly 


664 STATE BOARD ,.OF AGRICULTURH. 


with the result that hopperburn was not severe at any time during the 
season. 

Only partial control was obtained in the 1919 experiments. This 
was due to the inefficiency of the sprayer which was used. The pressure 
of approximately 50 pounds which the outfit was capable of maintain- 
ing was not sufficient to cover the vines adequately with the spray. That 
a poor outfit is better than none at all was shown by the fact that the 
sprayed vines remained alive about two weeks longer than the unsprayed 
plots. The experiments conducted during the 1920 season showed a 
difference of 26 per cent of hills affected with hopperburn in favor of 
spraying with bordeaux mixture. The first nymphs to hatch under the 
1920 Upper Peninsula conditions were observed July 22, and counts 
made on the sprayed and unsprayed plots on July 30, revealed coi- 
paratively few leafhopper nymphs. Only an occasional hill in the 
sprayed plots revealed nymphs, and these averaged about three nymphs 
to a hill. The insects were more numerous on the unsprayed plots and 
more hills affected. The average for the unsprayed plots was nine 
nymphs to a hill. No burning was evident at the time the observations 
were made. 

The 1921 season was ideal for spraying experiments for hopperburn 
control. The season opened early and the potato leafhopper got an 
early start. Hot dry weather prevailed during the growing season 
which permitted rapid multiplication of the insect. By means of the 
power sprayer which was used during this season the vines in the sprayed 
plots were kept well covered with bordeaux mixture. Observations made 
on September 9, showed the unsprayed vines rapidly dying as a result 
of hopperburn, while the sprayed plots were still green. (Fig. 12). 


Fig. 12. 1921 spray plot. The sprayed vines remained green while those which were unsprayed had a decided brownish cast 
due to hopperburn. Photo taken Sept. 9, 1921. 
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Bordeaux mixture does not kill the leafhopper but merely acts as 
a repellant. Vines covered with bordeaux mixture are not relished by 
the leafhopper and the insect flies to other hosts or to other potato fields 
which have not been sprayed. 


DUSTING EXPERIMENTS 


Preliminary experiments with various dusts were conducted during 
the 1921 season to ascertain what effect they had on hopperburn and leaf. 
hopper control. 

A dehydrated copper sulphate and lime dust was applied with a 
hand dusting machine to two rows of potatoes in the spray plot at the 
Upper Peninsula Station. Four applications were made during the 
season. On September 9, the dusted rows showed conspicuously more 
vigorous vine growth than the checks which had had no treatment. 
(Fig. 13). The foliage of the dusted rows was deep green in color while 
that of the check rows had a decided brownish cast due to hopperburn. 
The dusted rows also compared very favorably with those which were 
sprayed with bordeaux mixture. 


Fig. 13. 1921 dust plot. Dehycrated copper sulnhate and lime dust kent the vines green and in vigorous growing condition 
Photo taken Sept. 9 1921. 

In addition to the above experiments, trials were made with dusts 
impregnated with nicotine to determine effects upon the leafhopper. 
Black leaf 40 was used as source of nicotine. Dusts were made con- 
taining two and three per cent of this product, which interpreted in 
terms of nicotine would be .8 and 1.2 per cent respectively. The dusts 
were applied by means of a hand dusting machine. Six hills were dusted 
at each trial, and the insects which dropped from the vines were col- 
lected on sheets of wrapping paper which were spread underneath the 


666 STATE BOARD OF AGRICULTURE. 


vines before the dusts were applied. The insects which dropped onto 
the paper were not collected until 30 minutes after the dusts were ap- 
plied in order to allow any insects which were not killed to escape. 
The effectiveness of the dusts is shown in the accompanying counts of 
leafhoppers. 


Table VI. Effect of Nicotine Dusts on L2afhopper Control, 1921 


| Number of Empoasca mali dropred 
No. ees —— 
Treatment trials ua 

dusted eg pan 

Nymphs Adults Total oe ae 
RUG — ep ed Ol ere pei ks cree eaten Cee Vet ee | 4 24 1,078 286 1,364 | 341 
NUTS LAD, Jina 5) Shree ence ae iches ae eat | 4 24 1,209 302 1,511 | 377 
Lime—2% BL 40.. 3 18 925 142 1,067 | 355 
Copper-lime—29%) Bl 40! tice vote errs os, 5 sammich ait whch x | 5 30 1,182 221 1,403 | 280 
Dehydrated copper-sulphate—2% BL 40............. 3 18 48 25 73 | 24 


In addition to the leafhoppers, the impregnated dusts killed great 
numbers of plant lice (aphids). The trials were made too late in the 
season to determine the effect on hopperburn or to determine whether 
the dust had an injurious effect upon the foliage. Although these pre- 
liminary dusting trials show encouraging results, the practice in addi- 
tion to the greater cost has not yet passed the experimental stage and 
cannot be recommended to replace spraying with bordeaux mixture. 


SUMMARY 


Three years’ study of the burning injury of potato foliage in Michi- 
gan has shown— 

1. Hopperburn is one of the greatest factors reducing Michigan 
potato yields during dry seasons. 

2. The injury is caused by the potato leafhopper, Empoasca mali. 

3. The insect passes the winter in Michigan as an adult, emerges 
during May, flies to potato fields about the middle of June, and lays 
eggs on the vines. 

4. There are two complete generations each season in Michigan 
approximately one month elapsing from the time the eggs are laid 
until the nymphs hatch and develop into adults. 

5. Time of planting has a marked effect on amount of hopperburn 
in a field. Fields planted after June 15, in the Upper Peninsula showed 
very little injury. 

6. Early varieties are more susceptible to hopperburn than late 
varieties. The rural types,seem most resistant. 

7. The insect is repelled and hopperburn is controlled by spraying 
the vines with 4-4-50 bordeaux mixture. 

8. Dehydrated copper sulphate and lime dust and dusts impregnated 
with nicotine give some promise for control of hopperburn and the leaf- 
hopper, but cannot yet be recommended to replace spraying with bor- 
deaux mixture. a Maye 
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RECOM MENDATIONS 


For efficient control of hopperburn it is necessary that the spraying 
program be started before the over-wintering adults have migrated to 
the potato fields. 

The first application of bordeaux mixture should be made when 
the vines are from 3 to 6 inches high, and should be followed by the 
second spraying about a week later. At least three subsequent appli- 
cations should be made at intervals of 10 days or 2 weeks. 

Best results are obtained by using a sprayer which is capable of 
maintaining a pressure of 200 pounds or more and which is equipped 
with a boom so arranged that two nozzles direct the spray upward and 
inward from each side of the row, while a third nozzle directs the spray 
downward and covers the upper surface of the leaves. It is important 
that the undersides of the vines be kept well covered with bordeaux 
because it is there that the leafhoppers feed. 

Spraying potatoes with bordeaux mixture is a form of insurance in 
which every potato grower can afford to invest. It pays annual divi- 
dends of increased yields. During wet seasons bordeaux mixture saves 
the crop from the ravages of late blight, while in dry seasons it turns 
the tables on hopperburn. 

The above recommendations should be supplemented by thorough 
eradication of weeds in and surrounding the potato field in order to 
remove sources of later infestation. 
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